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ATOMIC SCIENCE AND TECHWOLOGY AND COMMUNIST CONSTRUCTION

é?ollowing 13 the translatlion of an article

y V. S, Yemelt'yanov, Chalrman ¢f the State

Committee on the Uses of Atomic Energy of

the USSR Council of Minlsters, in Atomn&zg
2

Energiya (Atomic Energy), volume 11, #
Octoier 1961, ppe. 301-312.7

The Draft for the new Soviet Communist Party Frogram
contains the following statement."... the development of
new technology wlll be applied toward the radical impro-
vement and facllitation of working conditions for the
Soviet people, shortening of the working day and improve-
ment in living standards, the liquidation of hard physical
labor, and finally the elimination of all unskilled labdor!

Advances in the physical sclences and nuclear physlcs
in particular cpen up great new pogsibllitlies for achiev-
ing the goal of concstructing a new communlst soclety,

Atomic energy, in its role of a new and powerful
source of highly con:zentrated energy, can effect a con-
siderable increase in the per capita power cutput of the'
Soviet Union, making it posslble f{or the Soviet economy
to solve problems whose sgolution could not even be
approached on the basis of usual power production facili-
ties, Radicactive lsotopes a8 radlaticn sources create
wonderful possibilities for the automation of industrial
procesges and the replacement of men by machines. Iso-
topes are llkewise gaining wider use in medicine, scien-
tific research, and the most varied sectors of the nation-
al economy.

Scientific researches and studles in the field of
nuclear physics are presently at different stages and
levels of development, so that the scale of efforts to
apply their results 1s likewise variable. The most
advanced research fields at this time have tc do with
the harressing of the fision energy of heavy nuclel
(uranium and plutonium),. These processes have already
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fcund pra.tical application in the foim of electrical
powerstations and other powver-producing facllities.

The world's first industrial atomlic electrical
powerstation with a 5000-kilowatt capacity was put into
operation in the Soviet Union over 7 years ago and has
teen functioning successfully and wlthout interuption
since that time. Work 1s ncw being completed on the
construction of a firat line of major atomic electrical
pcwerstations near Voronezh and ln Beloyarsk.

The u.anium-graphite reactor at the Beloyarsk Atomic
Electrical Power Station imini I, V., Kurchatov has an
electrical power-producing capacity of 100,000 kilowatts
and represenis an original design develcped by Soviet
specialists. Using siligntly enricned uranium, this
reactor produces superheated steam at a pressure of 100
atmospheres. Thus, for the standpoint of its operating
perameters, the Beloyarsk rea&actor will be the finest in
the world,

The Novc-Vorcnezhskaya Atomic Eiectrical Power Sta-
n is based on water~water reactors each generating
,000 kilowatts of electric power,

With Soviet asslstance, both Czechoslovakla and the
German Democratic Republlice are building experimentsal
electrical power stations. The 150,000 kilcwatt atomic
electrical pcwer station In Czechoslovakia is to be
furnished with a reactor whlch uses heavy water as the
moderator and carbon dicxlde as the heat transfer agent,
Iin the Germzny Democratlic Republic, the power capablility
of the first line in an electrical power station based on
a water-water reactor totals 70,000 kilowatts.

Research carried on by Scoviet sclentlists and engin-
cers in the field of atomlc energy is accompanied by the
conatruction of numerous research and experimental nuclear
reactors and assemblies of various types and power capa-
bilities. This includes reactors which employ grarhite,
ordinary and heavy water, and organic fluids as moderatcrs
as well as heavy and ordinary water,organic fluids, and
molten metals as heat transfer agents, Designs have
been worked out for reactors based on neutrons of varicus
energies, varying netron flow densities, functioning on
a continuous &and pulsed basis.

A3 13 Known, the Sovizt Unlicon has at its dlsposail
enormous reserves of urzanlc fuels and hydro-~electric
power rcsources which can satisfy the country's needs
for a sufficiently long period; on the other hand, the
USSR likewlse has reglons which are far remcved from any
of the conventional power supply sources. The new CPSU -
(Commanist Party of the Soviet Union) Draft Program which
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will be conniderad ot Lo DU Conrress contalinz the
folliowing steiement: tiie cone o producing atois
eneygy decresses, there v1li be expanded cunsiractiocn of
atomic electricsl pows: slations, espscially in reglons
which lack other sources of snergv..,."

Tha plasnring, concruetion, and ¢uerailon of 811 the
aforemontioned £33 other atoliic electr.cal power ststions
witii divierant tynes of reactora will regult in che aonle
mulation of a larce body of practical expervicncs whicn
will make it possiblie Lo carry out analysed and vechaical-
aconomic evaiuvations leading to the discovery of still
betiter nethode of bullding resctors and atonic electriczrl
power plenta, ‘ '

In particular, cur scientists have bullf ona of
today's mos8e pronising resactors--the sxperinentai rsachtor
based on fast neutrens which racksl eriticalidy in June
1958 and hom been sueccessfully functioning for over 3
years now, Feaccers of this type make 1t possibie to
obtain up to 1.5 kilcogreme of plutoniunm for U-232 in piece
of each "bumt up' kilogram of U-235 or pluteniwn at the
exnpense ¢f lmproved neutron belance, This cpens up
perspacrives for the congidersbly fuller use of nuclear
fuel regcurces,

If at thie present time, the standaxrd reactors based
on tharmel neutrons use up only 0. 4-0.5 of all uranium
extracted, i.e., nct more than 5 kilograms of each 100
kilegramse, while thoriun can be used ns & nuclezy fuel
only througzn the cunsiderable expenditure of U«235, re&c-
tors hased on fast neutrons meke 1¢ poseldble to use hoth
U-238 snd thorium fully. With the aid of such nuclear
regctors, it 18 poesinie to desigr electrical power
srtaticns of greater .oweXx preQueling capabllity with a
relatively low annuai ursnium expenditure, .

Calculationz point to the poseibility of coustructing.
atemice ¢lectrical poewer staticns with a total capability
of, lat us say, 1C0 million kilcwatts; which, thmugh
the uge of reactonis based on fasi neutrons will expend
leseg than 1000 tong of naturazl uranium each yeair, A4s 1is
kriown, conventional electricel power stations hazed ou
coel require 200-3C0 million tone of eerl nur year to
proguce an ecual smount ¢f' power,

At the present tiwe, conzidering reactors with ex-
panded reprocGuation of the [lgalcenadble material and the
full use of uranium anud thorium, crne may consider the
problem of uaing chain fiasicn rezctions of tha heavy
alements {uranium and therium) to obtein large quentitles
ol electrlicsl enerey 28 having fundimentsily been s30lved,
Atomlc electrlcal power staticns with reactors cepetle of

&
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. assuring expanded reproduction of the nuclear fuel have
' not as yet been actually tested, while the problem of
- obtaining large quantities of electrical energy at the
© expense of uranium and plutonium fission reactions has
" not as yet received full study {xom the technical and
" economic viewpoint, Studies in this area are presently
. being conducted in the Soviet Unlon, as well as in the
- US., Britain, and France. i
. The quantities of fissionabie materials required to
- stoke fast-neutron reactors are still quite great; it
is necessary to accelerzte the nuclear fuel reproduction
cycle =8 well as to solve certain other technological
- problems,
The further automation and improvement of prccesses
" involved in the extraction and purification of plutonium
P or U-233 from fission fragments and the automation of
- heat-generating element production, along with the devel-
- opwent of economically feasible reactor designs, repre-
. sents one of the most important tasks along the path
toward the wide use of nuclear fuel for the creation of
- an extensive atomic power base.
: Reactors with a high degree of nuclear fuel breeding
" in combination with other reactor types must be carefully
' satudied with reference to the problems of electrifying
. the entire country and making wide use of atomic energy
in industry. ' :

Aiong with the development of nuclear reactor dzaigns
- for electrical power stations and research purposes,
- Soviet speclalists have created reactors to be used in
" naval vessel power installations, The Soviet Union,
having at its disposal a number of first-class atomic
submarines presently engaged in the defence of waters
around our Motherland, is deveting a great deal of atten-
tion to the peaceful uses of atomic energy in its merch-
ant marine fleet. In 1960, the rlagshie of the Soviet
icebresker fleet, the atomic icebreaker "Lenin", made its
"maiden run sver the Northern Sea Route.

The table below contains some data on the Soviet
icebreaker as compared with the first American atomic-
. powered merchant vessel, the "Savannah". /ZSee Table 1
' at end of report/.
' For the first time in the history of the Arctic, a
fleet of Soviet vessels headed by the atomic icebreaker
"Lenin" sailed from the Kara Sea toward the laptev Sea
' in the East, The icebreaker "lLenin" led 92 vessels
through the hummocky icefields of the Northern Sea Route,
- where the thickneas o the ice layer sometimes reached

2.5 meters. :
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; Thus, we have already had our first experience with

i the use of atomic energy to power an icebreaker; this

- experiment. confirmed the excellent results obtainable

" with Soviet-designed reactors for ship power installation,

#0%%

- One of the most important problems involved in the
- wide deveiopment and application of atomic energy is that
of radiocactive wastes, The ‘production of plutonium and

. reprogeasing of heat-generating elements at atomic

. electrical power stations and power facilities, involves

© the formation of large quantities of radicactive waste
which undergo only partial disintegration over a short

* period of time and present a danger for humans for many

" decades to come, JSome of the fragment radio-isotopes

. are finding practical application in industry, medicine,

- and other areas. The scale on which they are empicyed
is as yat insignificant, however,

: In our country, radioactive wastes given off in the
purification of heat-generating elements coming out of

- the reactors, are stored in special facilities designed

. for the purpose. In the US and Britain, radicactive

. plutonium wasties are dumped in the seas and oceans, which

- not only creates a danger of radloactive contamination
for the animai and plant life in the seas, but alsc 1s a
threat to humans. Radioactive substances accumulate in

- plant and animal organisms, some of which are consumed by

- man, , _

] Blological, medical and genetic studies of this

" problem have provided sufficient evidence of the perni-
clous effects of radioactive contamination on humanbeings

- and require the development of special measures to com- '

- bat the penetration of radicactivity into the human
organisnm, ‘

_ Soviet scientists are devoting a great deal of atten-
tion to the atudy of radioclogical problems connected with
all of the possible forms of radiocactive contamination.
Regearch 1s being carried on to discover ways of burying
radiocactive wastes in such a manner that the radioactive

" material will never escape control so as to contaminate

. surrounding areas and inflict harm on humanbeings.

In order for atomic power production to play a

. significant role in the general power production system

. in the Soviet Union, it will be necessary to effect a
considerable decreasein the cost of electrical power pro-
duced at atomic electric power stations.

' One of the most important problems in the field of
.nueclaar power production ia the working out of methods
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for the direct transformation of the energy of nuclear
processges Infto electrielty.

In tiie Soviet union, research on tne direct tranes-
formation of heat into electrical energy has been under
way for a long time, Academiclan A, F, loffe developed
not only the thenry of thermel electm™ic transformers but
also directed the constructicn of the firat tharmal
batteries, New semi-ccnductors develcped Ly Soviet
‘scilentists exhibit even higher technleal qualities and
retain thelr properties for a long time,

In a nuclear reactor, energy can be produced at
extremely high temperatures, snd this creates favcrable
prospects for ovtaining high efficiencies in the trans-
formation of fisslon energy into electricty. The direct:
transformation of nuclear energy into electrical eneryy
will result in the considerable simpliflcaticn of electri-
cal power producing schemas, therety having an encrmous
effect on varicus branches of technology. For this
reagen, the new Party Draft Program exrlicitly expresces
the need for further research ¢a methods of "directly
transforming thermal, nuclear, solar, and chemlical enargy
into electricity..."”

It is obvious that with the great prospects now
facing atomic energy, much attention must be devoted to
the pnysics of nuclear reactora, Soviet scientisig are
cenducting various studies in thic area, sxterding tham
systematiecally as the fundamental basis of industrizl
develovment, As sn evanrDie, we might mention one of the
trends in thls woile,

~ In 1650, the unified Nuclear Research Institute ati
Dubna nut into operstiion a new nuclear reactor Jdesigned
for research purposes in the area of neutron physics;
the design for this reactor bears the gstamp of great
originality. Tnis 18 the world's cnly rsacter based on
the uae of plutonium rods and a disc hearing U-235, re-
alviag at a rate of R000 revoluticns per minuta, At
maximum pulse height, cthils reactor zttains a powes ¢f
3000 kilowatts, It 1s capable of producing a globular
nevtron turst of ;07 neutrons ter secend at a periadic
rate of 8.% times & second at the pulsse maximum,

AN %

Over tne past few years, in addition to the arplica-~
tion of atomic energy in power production, there have
been important developments in the use of radicactive
isotopes and nuclear radlaticn.




At the present time, radiocactive and stable isotcpes
cud nuclear radiations in our ccuntry are being emrloyed
by over 250G research, medlcal and industrial organiza-
tions. Practically all branches of the national econony
today, although to varying degrees, are making use of
radiocactive isotopes. Soviet industry 1s now producing
over 300 radiocactive and stable isotopes in the form of
radioactive sources and tracer compounds.

Isctope products are being widely distributed both
inside the country and exported to the People's Demo-
cracies, Japan, the UAR, Iraq, Mexico and other countries.

But the practical application of isotope techniques
is actuslly only beginning. It will undergo continual
expansion: full use must be made of this newly-conquered
force of nature, In this connection 1t should be noted
that at the present time, only about 1-10th of the radio-
active and stable isctopes known to science are in actual
use,

The utilization of radiocactive isotopes as tracer
atoms in scientific research and for many other purposes
has become an integral part of actual scientific and
industrial practise,. Important advances have llkewise
been made in techniques based on the penetrating power
of ionizing radiation the injury it inflicts, energy
generaticn, the activation of other materlals, etc.

Various devices based on the use of radiocactlive
isotopes to a great degree satisfy the needs of modern
industry which is today characterized by a great accele-
ration of various processes, the utilization of high
temperatures and pressures, and automatic regulation.
Thus, for example, in both ferrous and non-ferrous metal-
lurgy, radiocactive isciopes and ionizing radiations make
it possible to maintain continuous control over the auto-
matic mixing of metals and crystalization processes, as
well as to create techniques for continuously controling
10lled plate and ribbon thicknesses, and blast furnace
stoking processes; in the machine building industry,
isotopic methods are =smployed in product defectoscopy
and surveillance over machine and instrument wear; 1in
the bullding industry, 1sotope instruments are used to
cortrol the quality of concrete structures during the
pouring process and to check the strength of relnforced
concrete members.

Radioactive methods have llikewise gained wide
acceptance in geological survey work and mineral prospec-
ting. According to the Economlics Institute of the USSR
Academy of Sciences, 2.2 million tcns of high-quality
petroleum have been discovered by these methods in
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abendcned well holes ln the Westerr Ukraine and Azerbay-
dzhan aione. Accory ing to data from the same source,
the economic effect ¢ using radiosctive methods in pro-
specting and ore survey work amounted to over 435 million
roubles in 1960,

Great pcssibpilities are likewise opened up by the
use of Zonizing radlation for the reallzation of various.
radicchemical processes,

As examples of economically profitable processes,
one can already today cite ‘the oxidation of organic com-
pounds, including tenzene, and the radiation polymeriza-
tion of & number of organic compounds, making it possible
to cbatin materlals with considerably improved propertles.
The radiation syntheasis cof polyethylene makes 1t possible
to carry out the process at pressures of 250-300 atmos-
pheres and temperatures of 30-80 degrees C without the
use of catalyste, The use of insulation made of stable
polyethylene in the electrical industry makes 1t possible
to lower copprer expenditures through increased current
car§ying capacity without lowering the durability of the

These and many otner applications of radicactive
isotopes demonstrate that radioiscotope techniquesa have
beccme an important tool in the development of technclogy
within the national economy.

At the present time, radloactive and stable isotopes
in the 3Soviet Union are employed in the production of
over 700 variocus chemical compounds,

Fadloactive isotopes and nuclear radiations are
opening up great prospects in medicine, finding wide
appiication in the dilagnosis and treatment of a number of
disorders., For example, with the a2id of radiocactive iso-
topes 1t is possible to study the functions of certain
organge and organ systems without interfering with their
functioning. Thus, the J-131 isotcpe is used in the
diagnosis of thyroid disorders. The P-32 1sotope enables
physicians to determine the amount of blood circulating
in the organism, The diagnosis of brain and nervous
syatem tumors 1s accomplished through the use ¢of radic-
active isotopes ol radon, xenocn, and ilodine, External
irradiation techniques with devices using Co-60 and Cs-137
for treating skin, escphagus, lung and other cancers have
been developed,

There are also new methods of radio-surgical, inter-
cavity and iater-tissue radiaticn treacments which are
employed in conjunction witnh external radiation. These
make use of Co-60, Ce-137, Au-198 isotopes in colloidal
gsolution, granules of Y-G90, etc.

The above examples of the use of radlcactive 1sotopes

8




and rediation in medicine only partially iliustrete the |
enormous possibilities of the peaceful uses of atomio ;
enexrgy on behalf of mankind. _ 5

]

Agriculture can slsc be benefitted widely through
the use of isotopes; in the future, we shall expect the - !
discovery of new possibilities and prospects, particularly
in the use of radicactive radiation in the canning of !
agricultural products, ! . : :
| Modern technology has-a§-its disposal a wide range
: of redicactive isotopes of: varying energies, half-lives,

. and other properties. This ‘makes it poassible for tech--

niclanas to sclve problems about which one could not even

, dream in the past. For examples, the use of radioactive

i isotopee in automation can be an important means of ;
solving one of the problems posed by the new CPSU program:
"...The liquidation of hard physical labor, and then of
all unskilled labor in genersl." Thus, for exemple, in
the ore extraction and enrichment branches of industry,
the operaticns involved in pulverizing, transporting, and
enriching coal and ore, in which the performance of mono-
tenous and simple functions requires the presence cf nen
in an atmosphere of ore and coal dust and constant mach-
ine noise, the use of devices hased or radicastive iso-
topas will make possible the complete automation ¢f in-
dustrial processes and to replace humen labor with machi-
nes. The first industrial experiments on the ure of ;
redloactive devices at the Krivoy Rog Southern Ore Enrich-
ment Corbine and at the Shale Despoaits in the Fstonian |
8SR have fully confixwed this possibility and opened up
yet another method of employing radlolisotopes.

, The use of isotopes in the cosl industry for the
autonatic stabilization of the coal extrasting combine -

. at the "ore-coal" contact boundary mskes possible the

! maintensnce of ccntinuous control overthe pesition of the '

i cutting instrument and the complete exploitation of the

* rapld-action capabilities of the combine. This 18 2 '

. teshniques which in the future can lead to the complete

| asutomation of underground operations and the transfer of

| machine control to the surface.

! L 22
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; As is apparent from the fcregoing, atomic energy

: today is finding practical apnlications not only in the

: military field, but in various sectors of the national

t soonomy as well. It has left the sonfines of the labora-
‘ tory and has éentered the wide open spsces of industrial

! axploitation., After the completion of test runs on ex-
..isting sand future atomic electrical power ataticns and
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reactors, and after work 1s completed on the evaluation
and compilation cf the best types of designs, {ollowed by
the selection of the test, most reliable, and economical
types of equipment, wide prospects will open up for the
construction of electrical power.stations and power facili-
ties, while radloactive lsotopes and radiations will find
even wider use in the national economy,

The foundation of our efforts on the uses of atomic
energy 1s the powerful scientific base which 1s receiving
so much attention from our Communist Party,. This
scientific base, in particular, assures the discovery and
develcpment of new sclentiflc and praciical perspectives.

The scientific elavoration of various problems in
nuclear physices already today is opening up new and even
more atiractive possibilities for using thie energies of
nuclear reactions,

The use of atomic energy drawn from the fission of
heavy element nuclei is not the only possitle means of
using the energy hidden in the atomic nucleus. At this
point, one should first of all mention the problem cf
controlled thermonuclear processes whose golution is one
ofthe most important task posed by the Communist Party of
the Soviet Union. _

' Academician I. V. Kurchatov already in 1956 spoke
before the 20th Congress of the CPSU about the great mole
to be played in science &and the economy by the solution
to the problem of controlled thermonuclear reaction. Re
said that today in the hydrogen bomb we &re already able
to create conditions for the fusion of hydrogen nuclel,
i1.e., to achieve thermonuclear synthesis, but that it is
now necessary tc control this reaction in order to avoid
an explosion. .

Soviet research on controlled thermonuclear synthesi
is being carried on on a wide front,. A number of major
installations of various types have been constructed for
this purpose, including the largest experimental fecility
called the "Ogra" with a vacuum chamber 1.4 meters in
diameter and 12 meters long; several other such instal-~
lations are presently under construction., We are confi-
dent tnat the problem of practleally employing controlled
thermonuclear processes will be 3olved.

In working on the probliem of thermonucleer synthesis,
studies are made of processes which take place a tempera-
tures of millions of degrees, when matter is transformed
into pissma--a new ani little-known state, Research in
this area has given rise to a new field of physics-~plasma
physics. The development of this field is of considerable
importance since the successful completion of work on
thermonuclear synthesis will completely satisfy the energy
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- requiremente of the sntlre world population for all time
to come, This work i8 also important by viritue of the
fact tnat it wakes pussliblie the dlscovery ¢f & number of
new and practically important data and results. Thus,
work with pldasma requires the complete mastery of high
vacuum techniques (up tc 107" ~io~t millimeters ol
mercury). Experierce in this area is of importance to
a number of branches of the national economy. Plasma
work likewise invclves the ereation of strong magnetic
fields (50,000-200,000 oersteds),

Recently, Scviet research has resulted in the devel-
opment of intermetallides which posess the: property of
superconductivity and make it possible to obtain strong
magnetic rields under practically realizable helium tem-
peratures, which, of course, 1s of great importance to
other branches of science and technology.

But nuclear pnysics has still far to go in realizing
all its possibllities. Thus, studlies of atomic nuclel
have led to the discovery of new particles--the so-called
anti-particles. Over 10 such new particles have been
discovered in the last few years, Most of them have a
half-life of less than 1 100-thousandths of a second,
while others are stable or have a long half-life,

Table 2 pelew containg data on some of the anti-par-
ticles,

The collision of a proton with its corresponding
anti-particle, the anti-proton, is accompanied bty an
anlhilation process characterized by the release of &
large quantity of energy approximately 1000 times greater
than that given off in nuclear fission or thermonuclear
synthesis. The problem of particle aihilation is of
sericus scientific importance and lts study affords a
deeper understanding of the structure of matter,

Still another impertant tool in the study of nuclear
structure is the investigation of the effects on atomic
nuclel of bombardment by other nuclei and particles
accelerated to high energies with the ald of powerful
accelierators, This method stiil remaias the most univer-
eal one, and will continue to develop in the foreseeable
future. Several new large accelerators will b%e put into
operation socon; constraction work began recently on the
worldtas moat powerful rigid focusing accelerator with a
nominal proton energy of 50-79 bev %billion electron vdta).
Table 3 below lists the most Important specifications for
this accelerator.

New accelerator installations will result in a still
further strengthening c¢f the material base of Soviet
studies of nuclear structure,

Likeuice of considerable sclentific Iinter2st is the

11
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1
Icebreaker The "Savannal"
"Lenin" |
{Completion 1959 1961 (planned)
i .
Displacament, in theousands of toms 16 21.8 i
gEngine power, in thousands 5L EP- 44 20 ’g
f » , ‘Mags Meen Life Year Disccvered
‘Antiproton 938 Steble 1955 j
Antineutron 940 " 3 1956 i
Positron 0.511  1.013:10”“8econds 1932 ;
. i
Nominal proton CNOI'RY, DeVeesscosercoscscsses 80=70 !
Mean orbital redlius, NOeLerBescessscsssvssasas 236 j
{Maximum fiﬁld, oerstedBecsssccacetsscnscccnns 10000=12000
Injection SNBYTEY) MEVeesassoesnoessecsccsccen 1069
Number of magnets.....‘u....u...u..n.n.... 120 :
Total magnet weREl, tOnSiecssceccosocessacocee > 20000
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Puilding which houses fasteneutron test reactor

Figure 2.
constructed in 1553,
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Ex¢hibit of protective clothing worn in controlling
radiosetive contaminaticn (ravilion on "Peaceful
Uses of Atomic Energy", All-Union Ten-Day Festival
ol tne . ational Economy, 1961},
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Figure 7. Overall view of the cyclotron for the acceleration of
multiply-charged ions of the Joint Nuclear Research Institute at
Dubna.
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THE INTERACTION CF CHARGED PARTICLE BEAMS WITH PLASMAS

é?bllowing is the translation of an article
y Ya., B, Faynberg (assisted in compiling

the survey by V, I. Kuriiko, I. F. Kharchenko,
and V. D, Shapiro) in Atomnaya Energiya (Atomic
Energy), volume 11, # T, Cctober i§gi, pps. 313-
335.

The interaction of charged particle beams with
plasmas plays a slgnificant role in various types of gas
discharges present in equipment used in CTR (controlled
thermo-nuclear reactlion) research. This interaction is
a determining factcr in a number cf new mathods for accel-
erating charged particles, intensifying and generating
microwaves with the al1d ¢of plasmes.

Despite the apparent diversity and variation in the
forms of such interaction, the elementary prccesses which
lie at its basls can be reduced tec the (Cerenkov erlfect,
anomalous and normal Doppler effects, and the effects of
plasma pclarization as charged particles move through it.
The parametric Cerenkov effect can also play & signifi-
cant role 1n the movement of charged partizles and oscil-
lators through a limited or spatially-periodic plasma.

Since plasma density v, is in most cases relativel.y
low (n,= 10"™ = |0"™) , the energy lost by a single par-
ticle per unit length dE/dx as a2 result of these effects
is small and is on the order of 10°%-10"" electron volts/
centimeter, In most cases, however, it 1s a beam of
charged particles which interacts with the plasma, wWhen
this occurs, the effectiveness of the interactlion increa-
ses considerarcly (reference 1) since the resulting self-
modulaticn of the beam finally leads to & coherent inter-
action of the beam particles with the plasma (reference 2).

Energles lost by particles in the beam due "o exclta-
tion can be considerable, reaching 103+ 10" electron volts/
centimeter per particle when the numter of particles in a
particular pulse is N~ 10/ =~ 10 . The considerable

20




effeativeness of beam and charged particle clusters with
plasma allows one to expect that it plays a cconsiderable
role in a number of processes which take plsce in gas
discharges. Apparently, this interaction 1s responsible
for a number of csciliateory iInstablilities in plasma, ithe
eastavlishment of NMaxwell distributions in the plasma in
the absence of collisions, and the alteration of transfer
(61ffusion and conducticns processes in the plasma.
The increased energy of interaction in the movement

f beams or clusters of charged particles through plasma
in comparison with the Interactiocn energy of a single
particle can be utilized in the development cf methods for
injecting plasmas into magnetic traps and heatlng 1t; as
well as for measuring plasma perameters, 1its diastribution
functions and studying the processes taking place within
it.

In studylng the possibiiities of realizing CTR, it 1s
most important to investigate c¢conditions accompanying the
appearance and termination of oscillatory inctabilities
arising as a resuit of charged particle-plasma interactions.

The motion of a %eam through a plasma is unstable in
thcse cases where the initial turbulences (fluctuations)
existing elther within the beam or plasma tend to increase,
In order for instabllities to arise, there must be a set
of conditions present under which one of the aforementicned
elementary processes will take place {the Cerenkov effect,
or the anomalous or normal Doppler effects). 3ince ab=-
scrption accompanies radlatiocn processes, it 1s necessary
that the number of particles In the beam releasing energy
into the electromagretic field exceed the number of par-
ticles absorbing field energy /see Note/, Finally anather
necegsary condition for the appearanca of instabilitles is
the grouping of particles primerily in that phase regicn in
which the particles release enerzy into the electromagnetic
field. As radlation conditions for one particle are
fulfilled, the grouping ¢f other particles takes place
automatically in a number of cases. Electromagnetic
fields arising as & result cf particle emission lead to a
grouping process, 1.e,, tc the automcdulation of the
beam, while the increased degree of Leam modulation gilves
rise to increased readlation intensity due to conditions
conducive to coherent erission which appear in the course
of particle grouvlng. Note: this requirement lmpcoses
definite conditlions on the unperturbed distribution func-
tion for beam and pleasma particles with respect to their
velcelty (see belcw)/.

From the standpoint of quantum theory (reference 3),
the appearance of instabilitles indicates that tnere ls a
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grester number of induced emlgslon events than absorption
events duve to the predominant cccupation of the "upper'
energy levels (by the ocam particles), For example, for
a r'ree-particie beam, the "upper" levels correspond to
particles of grea‘er veiocity. For tals reason instab-
111ty ceccurs if the derivative distridustica furction for
the Ltzam particles is pocsitive for velncitlies at which

the paricicles interact intensively with the plasma. Tais
result i'kewise follcwa r'rom clasasical considerations.

1} A theoretlcal inves.igation of the problem invol-

vad in tiie excltaticn of longitudinel oscillations by a
cnarged particle becr carrisd out by A, I. Akhlyezer and
tne guthor, as well as by Eohm and Gross (reference 1) con-
fimed the existence of beam instauvilities and showed

that thelr effect wae particularly great if the orderly
valceity Ve of the beam exceeds ‘the thermal velcelty of
the plasma electron Vg , 1.2., 10 Vo> Voy . The ele-
mentary process at the basls of tinis 1la~eraction is tne
Cerenkov effect (reference %) fer the case of longitudinal
plasma waves, Whenn,<*n, the spectrua of excited hizgh-
frequency oscillations is determined oy *he condition for
Cerenkov rediation and l1lies in tne fregquency range w =<
~u,. The rate of inztability increase d2Jmw in this
- case 1s rather significant

.\ %
.S‘:a W, ( 1#;)

Analogous phenomena take place during the interattion
of twc or several beams (reference 5), Thus, for example,
in the case ol two electrun beams with a Maxwell distri- )
buticn with respect to the velocity of their ordered
motion (reference 6), there likewise arise instabilities
provided we have the condition [%, =%l >V, +Vria  where
Vo 8nd ¥, are, respectively, the orderly-motion veloeity
of the beam and the thermal velocity of the electrons.
The rate of increase of these instabilities is relatively
large. With definite ratios between beam perameters, we
have in this case a longitudinal Doppler effect in whici
the excliltation frequencies are determined by the condition

W~ W a
2 — _ Ves.
| Vor - R 1% .
Further investigations of the problems of plasma
excltation carried out by G. V. Gordeyev (reference 7)
have shown that the excitation of low-frequency and ionic

oscillations {in the abasence of a magnetic field) takes
place provided that Vn).‘f.cv‘, & V1o, i.e,, at consider-
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atly lower crderly-motion velocltiea, and, consequently,
significantly smaller currents,

wWithin the last few yvears, many studiee have been
ocarried out on the intersotion ¢f charged particle beams
and osciliators with plasmsas, These studies have resul-
ted in the disccvery ¢f a ierge number (abcut 20) of in-
dividuel caees of inzrabillity.

Meat of these instabllitles can be sub-divided into
three broad grours according to the elementary processes
on which their mechanism is based:

a) instabiiities brought about by the Cerenkov eff-
ect in the interaction of electron and ion beams with plas-
ma in 2 magnetic field.

Trhese instabllitles obtain when the orderly velocity
Ve of the beam is equal to the phase velocity Ve of the
wave, thus leading to the excitation of low~ ang high-
frequency oscillations. Among the low frequency oscilla-
tions we might mention ionice-accustic cseillatiorns, Alfven

- waves, and magneto-acoustic waves; among the high-Ire-

guancy csslllations, we have the longitudinal electron
luoctuationa in a magnetic field, -

The excitation of low-frequency coscillations can
likewise be brought about by drift ocurrents in a non-
homogeneous plasma (references 8, 9). 1In this case, the
role of orderly motion is played by the drift effest, so
that vhe instabllity condition ie reduced to the require-
ment that Vi,.s Vg (whereVi.is the drift veloeity)..

or b) instabilities cccasioned by the anomalous Doppler
' The condition under which this effect arises i3 re-
duced to the requirement that the yelocity of the emitting
particle exceed the phase velocity of the wave in the

p;ltma(v>vVg) . Emission frequencies in this case are
defined by the equation w =k,V, 2 ~Weey' or :
7S RS w?" |
B — |

(where Wwe, 18 the veloeitg of the emitting particle in the
system in whioh it is &t rest; K,r &=  1s the projec-
tion of the wave veator on the direction of beam travel).
In thies case, the emission fregquency recalaulated for the
aystem in which the beam ia et rest coincides with the
resonant beam frequencies, ir partioculer with the Langmuir
beam frequency wW. when we have the longitudinal Doppler
crteoi) ozs the Larmor frequencies wy (W ses, ; w snwy;
n -", ae e . .

An important pecuilarity of the aencmalous Doppler
effact as investigated by V. L. Gingburg and I, M. Freuk
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{reference 3) conscists in the fact that in the case con-
sidered, emission 1s accomparied by elevation to a higher
energy level, For this reason, emission can take place
even for unexclted osclllators, including a charged par-
ticle beam moving through a plasma in & maznetls field
without an initial transverse energy. Th= transition of
freely-moving particies into oscillators and emission
take place at the expanse of transverse moilon energy.

Ariong the instabilities occasloned by the anomalous
Doppler effect, we might mention those involving the ex-
citation of ionic-cyclotronic waves in the plasma by
electron and ion bheams. The ancmalous Doppler effect
likewise leads to the excitation of high-frequency elec-
tron osclllations with fregquencles of about ey )
Jwo s w,t, although here the increment of oscillation inten-
sification is less than in the case of oscillations set
up by the Cerenkov effect. In all previous caseg, the
oscillation frequency in the coordinate system of the beam
was close to the Larmor velocity of the beam particles,
The excltation of plasma oscillations by a high-density
beam can be accompanied by a longitudinal Doppler effect
in which the cscillation frequenéy 1in the coordinate
system where the beam 1s at rest 1s clcse to the Langmuir
beam frequency we. . The oscillatlion {requency in this
case 18 equal to W o2 W, u"s,

¢) 1instabilities occasioned by the normal Doppler
effect, ‘ ,

If an electron moving through a magnetic field has
an initial transverse energy, then the mction of a beam of
such electrons through plasma can be accompanied by the
appearance of mnstablilitles occaslioned by the normal Doppler
effect. An important peculiarity of such instabilities.
is that they arise when the beam velocity Vo< Vy /see Note
17, and in particular, when V,=0. Thus, emissicn always

akes place in the case of the normal Doppler effect. For
this reason, the only condltlion for instabilities to arise
is a particle arrangement such that a greater numter of
the particles are concentrated in the phase region where
they surrender enzergy to the electro magnetic fleld than
in the phase region where particles absorb fileld energy
see Note 2/, The mechanism of such an arrangement is
reated in the papers of A, V, Gaponov (referenze 10),.
This mechanism 1s occasioned by the dependence of particle
oscillation frequency on its energy. Note 1: frequen-
cles emitted in the case of the normal ppler effect are
given by w-k,Vo * Wres ./ Note 2: as the result of
the appearance of reguiar ion motion across the magnetic
field, resonant ("currentless", beamless) heating methods
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tikewize lead to the developmeat ol both low-frequency
(w={ky) and high-frequency electrcstatic in&tabilitiegé.

In the case of the motion of an osclllator through a
spatially non-homeogenecus field with & frequency ' W ¢
the mean oscillator displanement cover a time which is
iarge in compariacn with cthe oscillation period differs
Trom O and depends on the inlitial osclllator phase.
Because of this {act, thave 1ls & gpecisl geroupling of ca-
2lilators in the wave ield.

Tatles 1-3 /see Nete/ contain the tasic cherscteris-
tics of instebllitlies cccasloned by the Cerenkov, and the
anomaious and nomal Doppler effects. /Ncte: Tables 1-
4 are of a strictiy 1liustrative character. Tney con=-
tazin data only for the simplest and moet sbvicus cases,
The appropriate reiacionships describing instabllities in
more general caseg are found in the references cited.
Thege are the most fundamental studies in the {leld known
to us. They cover both the general cases and thcse in-
cluded in the Tablies.”

2) An examinatIcn of the Tables shows that insiabi-
lities can arise at relatively lovw electron velocitles

(Vo2 Vi MY2 awd Vo 2> Va ).

A reduction cf tne electron velocity at which the in-
stabllity arises leads tc a reduction of the liuiting
current value necessary for the exéitation of the instabi-
lity;s moreover, it can be less than the limiting current
value neceszary for nydrodynaemic instabilitlies tc ccour.
Let us note, however, that the limiting current is deter-
nined nct only hy the eritical orderiv-motion veleocity,
but alsc by the density of *he electrongs participating in
the motion, For this reason, a number of inatabllities
arising at large orderiy-motion veiocities can resuli at
lower current values, sinze cuch instubilitles are excited
at relatively low electron densities.

The increments of inscability ilatensification listed
in the Tables are extr cmely large, In tae case ¢of high-
Sreguency inetablliti=s, the iatensilication tine 1is on
the order of 10 secunie; it 1e leas for lew-freguency
instabilitles since the incoement of intensificaticn is
either lzass than cr on the oider of the emission fraquency.
The tiwme Tor the appearance of these ims tabilifice 18 also
very sucrt (~10"% &+ 107 weonds ) ,» however, If we
assume that the initial energy of the cscilliationes is ¢n
the order of thermal fluctuatlon energles, then the time
in which the energy of orderly motion can oe converted into
oscillatory erergy asgumes a value on the ovraer of 1079 —
10" secends,

The plasma reten:ion time in & murnber of cases exceeds
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the instability prise vlues, Thig confirms the [act that
not 2il of the insteblilizies ligted play & sigrificant
role, Usling the increment values, it 1s poasible to
compare the energies lost by individual nerticies and
particles moving in beams and interacting with plasmas.

In the luatter cese, the lcas:s pe:r particle are consider-
atly greater than ir tha former due to acvherent beam incer=-
acticn with the placms, vhese lmporiene2 vas first pointed
out by V. I,Veksler (relersnce 2).

A number of instabilitizs are characterized dy a.
discrete frequercy spectrum, altnougch continucus-spectrum
instakiilties dc exist. The presance of the latter lead
to a significant abscrpticn of ordeviy-moticn ensrgy and
complicates the deavelopment of mecheds for the ellmination
of instatllities.

It follows frou the Tables, ti,at the velocity distirl-
bution In the beams reduces rise timed wnd consequently
weakens and even eliminates inctakilities. In a number
of cases, & wide distributica o' vyeloclules ieads ¢ the
appearance of new Lnstablilties whnse rise Incremente are
not large as a rmile, however. Tn2 insgtabilitles examined
apply to & homogenecus plasma For shich Ywi =91 = C .
The presence of ianhomogeneitles leads tou a considerable
weakeninag end cessation c¢f Ilnstabaillitier, but, as ie
shown in the paper by Rudakov and Segdayev (refereunce 9),
leads to the appearance of si{ill u ther fustabilitiesn,

Let us briefly examine che significence of instaiblil-
ties in the operation of & s*nilar;tcr.

In devices of the stellarator type, Vo 4« Vr., sc that
the cst importent irstabilities here ave those wnich
arice atV, ¥V, 1% , 1,2,, lonlec sound in e magnetic field.
Theze 1nstab113t1es are characterized v a frequen_v spec-
trum WX Woy , and the Llnerement of instability rise is on
the c¢rdexr of

t ]

(reference 12). Since instabllity ocaurs when V- VQ }4A
the critical value fcr the current density Igf -d. Ve Mg
at which Instabilities involved in the exeitatlon u#'ionic
sound must appear, is guite small. Thug, for example,
in the case of the lModel C stellarator, the ceritical cur-
rent value 1a equal to 30U-100 emperes/centimeters™
Low-frequency instabilities are apparently more 8igniti-
cant in the case of Giffusion processes within the plasma
éfbe Note/. ote:- the important role of icnic low-
requency oscilllaticns within a plasma in 8 magnetic fleld
for diffusion processces in a stellarator has been pointed
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out ty Spitzer (rc“ﬁr;ngea 1w, 317 The derivation ¢l
the C¢iffusion coefficiznt given In reference 31 1s uncon-
vinzing in our view; for the ~crelative functicn ceases
to held if we are considering diffusion occasioned by un-
stable oscillation»; 1if on the c¢cther hand, we are ccen-
sidering diffusion in a stabilized regime, then the deri-
vaticon turne out tec be indeteyrminate, inscfar &s linear
theory doce nct permlt sz to determine the aaplitude of
stakilized oscillatlons, The effect of beam instabili-
ties cn diffusion processes can be calculated by a icw
non-linearity approximatic%7
Froa the standpoint of orderly-moction energy losses,

hign»treahency, carticularly lorgitudinal, oscililaticns
oceaslioned by escaplng electrons play & significant rcle.
Instabllity, as is known, arise when3§§¢;7C7(whe“9 £ 1is
the aistributlion function; v, = &L, 1.e., whsn the
numzey of particles with VEiOﬁLfi“bV ,>V¢ exceeds the
numoer of particles with veloeltier V, < V. Tne appeia-
rance c¢f a regilorn wivh 94/¢,»01in the uistribtuiion functions
can take plaue as was shown oy A. V. Gurevich {refersnce
32} in a stellarator upcn the appearance of a .urreant
plateau at which ths magntiude of the ¢critical fleld
whlch determines the appesrance ¢f escaping electrons in-
creases wlth tire, trus leading to a reduction of the
electren Tlow throuzhh the seepage boundary. The {"low of

snapi“u electrorns S 1s connected with the distribuiion
funciion § at Vv, >4f1u,u} by the ralation ship

:,»a e e FT g4 T

(‘)Ca e c,f-\',’ E‘)‘ - e (C‘“Lﬁ )Jl
(here B 3is the electric field 1ntensity and B_ 15 1.8
¢ritical value) For this reason, the reduction of the

escaping rlect“on flow with time will lead to the appear-
arice of a reglon wnere 9§f0ve>0. . The instablility will
occur 1f the rise increment (= aééym‘a‘t“f- is greater
than the pair collision frcquency. From this ccndltlon,
we can cdetermine the instablllty rise time, Iu 15 equal
to 10”1 107" seconds and coincldes with experimental data
high- requercy csciliation frequercies in this cese are
atout ~ 10~ (0" This alsc ccincides with experimental
data,

3) Usually, in considering inatabilitles 1t {is
gssumed that the functlions of plasama particie dlistribution
with cespect to crderly-motion velocity are of the Maxwell
tyre; this assumption 1s used in caicuvlating excited c¢s=-
cillation spectra and their rise increments,

In the absernce of palr collisions in vhe plasma, the
distribution function can bve an srbiltrary function of the
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Cvelonity. In view > ftals Iact, we heve Lhe ituportunt
- problern of findirg t.i~ recesegary end sufficlent conditions

for the iastability . the ardbitrary distritution function
with respect to (he oscililation,

For longitudinal csclllatiorns in ine cbesence of exter-
nal fields, lnstatiilicty concltiors have Yeun founé by Fen-
rese (refecence 35), Nedlinger {(vefererce 34), A. I. Akhiy-
eczer, (¢, Ya. Lyubarsikly, anu R, V, Palcvin (reference 35).
In reference 35, these iastelilisy eriteris ara genersli-
zed for the case of a plasme in an external electric cr
magnetic fileld, In the abaseucz cof 2iterna’ fields, the
ingtability conditions have thz2 fcra

’ ’ . o ’
fo(ue)no f i"_ﬁ-ﬁﬁ du>5; falee) >0,

where § (w)eo ($(F)d7 (hereﬁ?? i3 the distribution function;
L 1s the neTpendicular to the wive vecisr L, and w is
the parsllei velocity Vi to component w ,)
The conditlons i’(u.._)a 0; £ 0 st mean that

there exista a veioclty range v'> .t in wiich (o) 0.
If §,(0 = Ve)>0-then the number of perticles meving faster
than the wave and thereby surreadcriaz en2rgy to 1t eiceeds
the number of particler moving 3lcwer (Fia the wave and
absorving its energy, whicn in tuin lou?s to an ircreased
oscillatory a?P;itu e with <ime, i.,e.. to instability,
The conditlon{ “*dfA-cimniles the puseibility of propa-
gation withnin the plasne of waves with phase velncities
0’¢ > e

‘ The question &8 to the character of the instability .
is impurtant botn in the tneureticel aud practisal realms
[8ee Not%7. - The irnstebllity is absolute iy the initial
perturbation incresses with time in anyv fiied point in
apace, If, on the other hand, the inltiai distwmrbance

‘18 ¢ispiaced as 1t increases in the direction of beam

travel sc that it cdecreases with time in every point in
space, then the instability ie cailled convective, In the
cage of convective ingtability, the disturbance, not hav-
ing had time to reach high values, can bte eliminated from
the system, The method fo: separatlng abanlute and con-
vective instablilities described by L, D, lLandau and Ye.
M. Lifshits (referenca 36) is reduced %o a zonsideration
of thﬁ asymptotic behavior of the integral (exbh [— tw k)X
X t]dk as £ —= o0 , describing theé’motion of the
wave packet. /Note: the system is unstable relative to
small distuardbances proportional to epp (=t +ikx) if the
dispersicn equation D(w,k)» O of this system has complex
solutions for W or W . Ifin a given region where

is real, the frequency &k 1is complex, then we may have
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either absolute or convective instabllity./

If for t—=~ o this integral increases without 1limit,
we are confronted with absolute instability, I1f on the
other hand, the integral tends to a limlt for € —» oo
the instabllity will be convective, :

As is shown in the paper by Sturrcck (reference 37),
the interaction of two countercurrent teams 13 accompanied
by absolute instability; convectlve instabllity ccecurs

. when two concurrent parallel beams Interact, Absolute
instability in general 1s present in those cases where
there 1s feed back,

A study of beam interaction with heated plasma carr-
1ed out by the author together with V, I, Kurilko and V.
D. Shapiro (reference 38), as well as by Sturrock (refer-
ence 3G) has shown that convectlive instability is present
in this case, The 1nstability of self-focusing electron-
jionic beams turns out to be convective,

In a number of cases it 18 difficult tc establlsh
whether the oscillaticns are increasing or diminishing,
since even in thcse systems whlch lack a source of energy
to assure the presence of increasing waves, the dispersive
eguation admits of increasing solutlon, Thus, fcr example,
this happens with the problem involving the penetration of
a high-frequency fielid into a plasma for frequenciles
W<Wy cr in the case cf wave propagation in wavegulides for
frequenclies not exceeding the critical value. In such
cases, using the condition for emission, we retain only
those sclutions which correspond to wave diminution. In
the presence of a veam moving through an unbounded sys-
tem there are no standard conditions for emisslon, so
that in order to distinguish the increasing waves we have
to study the behavior of the turbulence in the form of a
wave packet. Intensification takes place only in those
cases where the turbulence described by the wave packet
tecomes O a8 X —s o0 1in any fixed moment in time € . In
the contrary case, the wave which increases as X -» o0
cannot exlst in the system.

As was shown by V. I. Kurilkoc (reference 40), for
example, in the movement of a plasma through a plasina wave-
guide, complex values for Kk correspond to the barrier
effect rather than intensificatiocn, If a plasma moves
through a medium with a dielectrlic constant €& 1in orthogo-
nal electrical and magnetic fields, then forvy,> iF: and
V;<.$m§‘, complex values for x correspond to real values
for w . But intensification takes place only for ,>'2ﬁ;

; the caseV, £ 9{5—: corresponds to tne barrier effect
(reference 41),
Criteria for separation, intensification, and barring,
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as w2ll as & slmple method of dlstingulshing absclute and
invective instabilitles are glven in the paprer by Sturrock
(veference 37). A confimation of these criteria and the
limits of their applicabllity are gilven by K. V. Polovin
(reference 41),

4) we have just examined the problems involved in
the interacticn ¢f unboundad beame with plarmas. For
thiis reason, the resulting equaticns siricztly spesking
are appllcable not only in thoser cases waere the geomet-
ric dimensions of the gystem L., and .j ere considerably
greater than the vave length, i.c., 17
%J‘evj_:s;“‘)yu"bn-’;cto

In & number of devices and installations these con-
ditions are nct Muifillied, which gives rise to a ccasider-
able disparity between theoretico. and experimential regul-
s, The dilference botween & vourded and urbouded plas-
nmabecomes mnut clear in the atsz.ive ol ¢ magretic fileld,
In such 8 case, an unbounded plasni willi not serve as a
procpagation medium for slow transvgrse wéves, since for
the entire frequency range t.c |~ We/o™> 4= | . This
case, moresver, affords ro nossihilicy fcr 2ffective in-
teraction hetween frze pariicles ard waveaz ir the plasma;
in particular, theg Czrenkov effezv caict cecur /Ege Noted

Note: according tc Neufeld &nd Doyl: {refevence 77) the
aterastion of a beam ana piasm in this case can be accom-
panied by the excitatliorn of clestromagnetic coecilistinns,
since the motion of a separale particlz through the plasma
alters the dlelectrlic constant of the ueam and can reduce
the phase velocity ¢f the wave down to a viiue equal ©o
the particle heam velocity.

If, on the nther hand, the plasma .s bourded in a
radial direction, then despite tne fact that the value for
in the region occupicd by the plasma 1s as previously

lees than one and even unegative, the plasma can contaln
slow wavee, An analogous state of affairs obtains in the
case of a8 plasma bounded in the directicn of wave propaga-
tion, in particular wicth spatially-pericdic plasma. And
in thia case case, despite the fact that dielectric con-
stante are less than ones or are even negative, slow waves
can propagate through the system; furthermore, such a
plagma acsumes the properties of an anisotropic medium.

The dispersive properties of a2 bounded piasma in a
magnetic fleld determined by the anisotropy and hypotropy
of the medium are combined with wave guide properties
determined by the gecmetry of the system., This likewise
leads to a8 strong disparity in the dispersive properties
of bounded and unhounded plasmas. Since the elementary
processes at the basis of plasma-beam interactions are to
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& considerable extent determined by the dlspersion of the
gystem, 1.e., by the dependence of the grhasze veloclity on
frequency, it might be expected thet cocnditions for the
appearance cf instabilities (in perticular, the critical
velocity and beam current), the frequency spectrum, and
rise increments will be altered as we pass from a bounded
Lo an unbounded plasma.

Results of studies on instablilities arising through
the interaction of bounded ‘beams with plasma show that 1if
the plasma wave length (V./w.) becomes comparable with the
beam radius & , there willl be a considerable increase in
the wave length of the wave &t which instablilitles begin
to arise; theres.will be a concomitant decrease in the
value of the increment,. Thus, for example, in the case
of electron-icnic bteams studied by G. I, Budker (reference
42), the ratio of rise increments for & bounded and un-
bounded plasma equsals
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In the excitation of longitudinai plasma oscillations
by a beam exsmined by M, F, Gorbatenko (reference 17) and
Sturrock (reference 33), as well as in reference 43, the
diminuticn of the increment can reacn values on the order
of 5-10, For thls reason, the oscilllation amplitude de=-
¢creases quite sharply. It is possible to select pera-
meters in such a way that the limiting wave length will
exceed the length ¢f the system, In this case, the part-
icular instabilities inveolved will not occur, These
peculiarities of hounded beam interaction with plasmas are
if importance in finding methcds for eiiminating instabi-

ities,

5) Despite the successes achieved in the theory of
charged particle-plasma interaction, the identification
of new instabilitles accompanying this interaction, as well
as the experimental confirmatlion oi basic theoretical
conclusions, the theoretical studies so far completed are
as yet insufficlent for a comprehensive evaluation of the
role of instabllitlies in processes taking place in various
types of discharges. This is connected with the fact that
most of the completed studles make 1t possible only to
determine the spectrum of oscillations are their rise in-
crements, One of the mcst important characteristics of
instabilities, namely the oscillatory amplitude, is usually
neglected, Its determiration requires a knowledge of the
energy spectrum of the initial fluctuations, the reverse
effect of oaclllations ¢on the plasma distribution function
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gnd bees particle trav i, and an investigation of the
~transition from linear tc nonlinear osclllations slong

* with a determination of the amplitude of established oscil-
lations,

‘ It should be noted that in the casmse of interection
under conalderation, nonlinear effects cccur at relatively
low electrical fleld amplitudes. The noniinearity crit-
erion for plasma, wave motions under non-rescnant conditions

has the form ‘E.;\ “l.

~ - Ve A
meBe (1= g) | ~
for this reason, nonlinear effects are of conasiderable
importance in the region of long wave lengths and low
phase velocities, Since in moat cases the conditions for
excitation may be reduced to the requirement that V. = V¢
" -the role of nonlinear effects in the presence of beams is
. even greater, It might seem that in the case of ionic
oscillations, nonlinear processes occur only at very large
field intensitlies. Actually, eveén at relatively low in-
tensities, nonlinesr effects do take place due to the fact
that the ions interact most strongly with siow waves and
that long wave lengths )\ correspond to slow waves for
low-frequency lonic oscillations, Thues, for example, for
e 107t, A2 103, the value Ecrg 10 volts/centimeter,
The appearance of nonlinear effects is fecilitated upon
the attainment of resonence, Thus, in the presence of a
magnetic field the nogl}nearity criterion contans an addi-
tional factor (| = WHiy)” é?be Note/. Note: the existence
of these nonlinearities is confirmed experimentally in the
studies of 0. G, Zagorocnov, Ya, D. Faynberg, B, I. Ivanov,
and L, I, Bolotin (reference i4i),
, As the amplitude of the excited waves increases,
there appear several nonlinear effects which weaken the .
instability (references 45-48)., Since the phase velocity
of a wave depends on its amplitude, an increasse in the )
latter will disrupt the synchronism between the beam and
the wave and reduce the effectiveneas of the interaction.
This synchronism can likewise be disrupted by decreasing
beam velocity as a result of energy losses for cscillation
excitation. The reverse effect of excited oscillations
on the distribution function of the beam elestrons leads
to a state of affairs in which the number of particles
surrendering energy to the wave is reduced while the num-
ber of particles absorbing wave gnergy increases, This
leads to a leveling of the distribution function in the.
region V™ Vé and the termmination of the instability ™
(references 48, 45, 46). Nonlinear effects accompanying

-
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beam-plasmna interacticn likewise 1increase beam and plaama
temperature even in the absence of pair collision.

The 11rsy and third effects are significant for
Vi, << &5 , and the second for Vri Ve b /w.

These effects are iliustrated in Table 4,

An examination of thig table shows that the inclusiocn
of nonlinear effects in celculations leads to a reduction
of riese increments, the limitation cof the orderly-mcticn
velocity of the beam with a congomitant limitation on the
decrease in conductivity o (o= of the plasma &s a result
of the transformation of orderly-motion energy into cseil-
latury energy, as well as &n increase in beam temperature,

: All of the above resulis are otlalned in a suwAalil non-
linearity approximation, so that it is necessary to deveiop
& theory for the case of arbitrary nonlinearity. The con=-
dition for the existence cf arbitrary nonlinear periodic
solutions for the zase under zonsideraticn is given in
reference 50, The iroplem cf beam-plasma interaction in
the case of arbitrary nonlinearity has so lar been studied
only from the standpoint of electron and lonic longlitudinal
excitations in an estsblished regilme, This examination
has made it poscible to determine the maximal field inten-
sity amplitude with due regard for thermal motion and maxi-
mem fleld gradients proportioqal tc the variable piasma
density (see Tzble 5).

A consideration of Table 5 will show that the ampli-
tude of established osclllations can reach extremely high
valaes. For eramnle, for a plasma density of naz {0
and Vg 105 , the value Ewmax =30kllovolts/centimeter.

There ex;sts a maxirumlongitudinal wave fleld intensity
above which we are confronted witnh multiple-value solutiocns
Thus, in the one-dimensional case (without taking ionic
motion into account), there can be no collision waves, s0
that the multiple-value of the solution apparently indlica-
tes the presence of counter current particle veams. Table
5 likewise leads to the conclusion that an iacrease in the
number of beams leads to a reduction cf the field intenaity
at which the subsequent beam fragmentation occurs. These
effects are important in the development of new mathods
for plasma thermalizatlion and the realization of CTR on

the bssis of counter current particle beams,

+ Another important problam is the study of the stablli-
ty of large-amplitude longitudinal waves exclted by beams.
As was shown by recent studies (referencees 54, 55), longi-
tudinal oscillations cf large amplitude excited by a mono-
energetic beam are unstahle at least in relation to tur-
bulences whose wave length 13 considerabdly smaller than
that of stationary coscillations. Likewlse 1instable are
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the nenlinear soluvutic s 4n the ferm of 1imitzd pulsen
excited through the Interaction ¢f peams andé plosmas,
Since non-iinear problewe are complex from the nasaenatic-
al standpoint, the exasmlnatlion of the transition f{rowm
linezsr oscillations to non-linear, tvhe phencmeni of sneg-
tral disintegration /see thg?i and particuiarly tho in-
vestigation of counter current beam and stream fragusnta-
tion 1is most conveniently carried cut with tne aid ¢f
high-speed computers. The study of the process invoived
in counter current beam form&tion and plasus thermalirse
tion at nigh osclilatory amplltudes (references 23, »6)
showa that as a result of strong interacilion dutween indl-
vidual plasmé leyers there arises a relative motion whish
in turn leads to the transfcrmatlion of the inlilal wave
energy into ithe erergy of moticon of the separate lavers,
The relagatlion time o this process is exiremely asmall,
Thus, for example, (retference 56), 1f the initfal osclli-
letory amplitude exceeds the critical amplitudé by 74,
then cver & pericd of 10 Langmuir oscillations, 70-304 oF
the wave motion energy 18 tranzifcormed inte relative-motion
energy . i a2 relatively small motlorn with an energ of
approximately 5% of the initisl cnergy of cecillatory
mction is impressed upon the latver, t*hn vhe relaxation
time areps off tc & single high«frequency ccoelllation
period, Thus, the mechaniesm ungder consideration ia ex-
tremely erfective in tranforming the enevgy ¢f regulsx
osclilliator metion iate that of plaszma particle motion.
/Note: These phenomens consist in the fact that new waves
are formed as a resuit of non-linear interaction between
eselilletions and non-parailel wave vectors; this is accom-
panizd by a d;ssipatirn 2f the ¢ rigieal ¢atillation energy
over & peried on the order of 0~ seconda (reference 78]

The above results apply to the cese of electrcn oscll-
lations, Apparently, it 1s possible te create conditions
under which analogous processes will also take place for
ionic osclllations. This insctance would invelve an ex-
tended relative ionic motion wnich might be of interest in
discovering methods for reailzing CTR,

6) Prior to presenting an enalyeis of the avallable
experimental data, 12t us briefly consider the question of
possible methods of instability out off, which ls ¢f the
greateet importance in the given case, Researclh In this
direction 1is Just reginning, and for this reason tie con-
sideratlions given below are primarily ¢f a gualitative
sharacter, Since instabllities in the final anuaiysis
arise as a result of the acticn of several tasic elementary
proceasses, as well as particle phasing or grcuping which
in turn leads to a considerable intenaiflication of affecta
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due to the congruence phencomenon, the elimimation of in-
stabllitles must procced through the creatlon of conditions
under which the corresponding elementary processes are
impossible and particle phasing and grouping do not ceccur,

In order for the Cerenkov and the ancmalouvs Deppler
effects vo arise it is necessary that particle or oscil-
Jator veloclity be greater cr equal to the phase velcclty
of the wave, For this reason, instability can be elimina-
ted if thils conditlon is viclated through the alteration
of wave or particle velocity. Changes in disperslve pro-
perties and, in particular, the phase veloclty of the
wave can be achieved by varying tne geometry of a system
(1imited beams and piasmas), placing the plasmz in a met-
allic Jacket, making use of the depeudence of phase velo-
city on amplitude (ihis effect can be used in iimiting
instability autcmatlicslly, since lncreascd amplitude
results in an alterstion of the phase veloclty and a vio-
lation of synchronisr between the field ard beswm), or by
varying the relative concentration of components in the
multi-component (for example, D-T, D-N) plasma.

By changing the phase velocity of the wave, it 1s
pcessihle te completely elimlnate the instability or at
least to significantly alter its freouency spectrum, as
well as to reduce rise increments. Dy varying the bean
particle velocity, it 1s possible to violate the condition
that v o2 V¢ and o completely eliminate the instability
or to considerably alter the oscillation spectrum. Thus,
11 the \f)article velocity lies in the interval Vr, pYc 4
£V, &V , w2 encounter ionic oscillstions. If the par-
ticle velocity V, =Vre , then we have electron oscilla-
tions, with ionic osc¢illlations totally absent. The beam
velocity can ve altered automatically in the course of 1its
retardatiocn. In addition to this, it is possible to ef-
fect a rapid increase in beam velocliy during the relaxa-
tion time Veee during which the corresponding instabili-
ties have insufficlent time t¢ arise, From this stand-
point, the stellerator has conslderable drawbacks, since
the velocity of the electron beam in this system varies
slowly fromu =0 to Jmas, 81llowing focr the gradual appea-
rance ¢ a number of instabilitles, The 1njection of a
plasme with a specified velocity intc tne stellarator
leads to a contraction of the instavility spectrum and
facilitates the elimination of irnastabllities,

The viclation of conditions aliowing for the appear-
ance of elementary Cerenkov and Doppler effects can like-
wise take place due ¢ non--liinear 2ffects in the motion
of particles and osc¢illators and non-llnear effects arising
in the course of wav: propagation througzh the plasma, As
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is known [referenc: 57), c¢lementary processes at the basis
of instanillities car be reduced to resonances between
oscillations of the systsem proper, in this case the plasma,
and the exciting force which results from the motion of
charged particles and oscillators, In this case, con-
ditions for the appearance c¢f Cerenkov and Doppler effecis
are reduced to thoae for the appearance o»f resonances.

The presence of the aforementiconed non-linear effects
leads to & violation of conditions leading to the appear-
ance of rescnances, and sconsequently to the slimination

of instabilities. At the same time, however, we are
faced with the possibility of non-linear resonances which
require further study. '

Another pessibility {or the eliminatisn of inatabl-
lities consists in the elimination of eonditions for par-
ticle phaging and grouping, which in turn lead to the
appearance of coherence, :

Instabilities can be weakened or even eliminated by
the following methods: -

1) the creation of artificial dispersion sccording
to velocity within the beanm, For purposes of lllustra-
tion, let us compare the rise increments § (N1a=©O) 1in ‘the
cese of plasma excitation by a mono-energetlc beam and a
beam with a weak (Vg, ~V,) thermal dispersicn ¢ :

Vie & (M \VS . §. T /N A\ Y ‘J"’ .
'v;s’(‘ﬁ.)n 8~ L) e ] ¥ (Ve s o).
as 1s cbvious from these expressions, the presence of
velocity diepersion can result in a considerable reduction
or elimlnation of the rise increment /Note: 1t should be
noted that in a numper of cases a high thermal heam velo-
city can lead to the appearance of new instabilities with
small increments/;
2) preliminary beam mcdulation.
The exponential growth of instabilities depends, &as

is known, on the fact that the fields &rising as a recult
of the instabllity increase the degree of particie group-
ing and conccmitant field intensification. Preliminary
modulation at a given frequency violates grouping at fre-
quencies different from the modulation frequency. thus
bringing about the eliminaticn of an entire spectium of
instabllities, Here it 1is necessary to make certain that
echerence conditions a‘43.¥q r.ot arise to excite frequcncies
in the plasma proper. By modulating the beam, it is pcs-
sible to eliminate an instability at a epecified frequency.

r this it 1is sufficient that the modulation wave length

w2 equal to Nw =%, /Bee jote/, 1t should be poin-
ted out that in eliminating the usualli; instabllities by

3%
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medulation it is pcoasibls to bring avout instabillitles
cccasloned by paremetric resonances. 3ut since the range
of parametric rescnances is small, the existing inhomo-
genelties and colllisions in real plasmas will lead to the
elimination thereof, /Note: & 1is the length of the
particle cluster/; : ,

%) alteration of the geometry of the system, As
has veen pointed out uvove, the frequerncy spectrum and rise
increments for bounded and unbounded plasmaes diverge
greatly, For this reason, by altering the geometry of the
gystem, one can alter the instabllily wave length to
exceed the size of the system, thereby eliminating the
instability;

4} preverse action by the excited oscillations on
the distribution function, as a result of which the number
cf partlcles surrendering energy to the wave will equal
the number of partlcles adbsorcing wave energy;

5) exploitation of the non-linear character of par-
ticle and oscillator motion;

6} alterat*on of the phase veloc¢lty along the system,
so that OVgha <0 . In actual devices, this condition
can easily ve realized by varying the plasma peruameters
such as the density. In a number of systems this can he
done automatically.

A Compariscn of Esverimental and Theoretical Data

7} Die to vhe corplexity of the processes involved
in the intersction of charged partlcles wlth plasma and
the significance of non-linear processes aricing in the
course of this interaation, experimential studies agsume
a particularly impcrtant roie.

Tie baslic aims of experimenters are the detection c¢f
insgtabilities, the determination ¢f conditions under which
they arise, the determinaticn of the frequency spectrun
of excited osclllatinons, rise increments, and relexation
periodn, the reasurexent of energy losses in regular elec-
tron motion due to the excitation of oscillations, and the
determine tion of the erfects of instablilties on conducw
tivity and Jdi{fualon in the plasma. 4n important task of
experimenters 1s the inveatigation of methods for elimina-
ting inctabilities.

Experimental studies of rlasma oscillations, as is
knovm, were begun in 1321-1929 by Langmulir and Penning
(reference 58). Of cornsiderable importance in the field
of osciliatovry procesa studies 1in plasma are the investi-
gaticns carried out in ;939 by Merrill and Webb (reference
59;. The existence of instabilitles connected with longl-
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tudlnal wave excltaticn in plasma in the interaction of
an electron beam with & homugeneous plasma not contained
in a magnetic fleld was experimentally proved by a number
of researchers in 1957-1958., These same studies involve
the measurement of basie instabllity characteristics.

We shall consider the general results obtained in
these experiments.,

The paper by I, F, Kharchenko, R, M., Nikolayev,

Ye, I. Lutsenko, N. S. Pedenko, ané the present author
{reference 60) showed that the passage of an initizlly
unmcdulated electron beam through & plasma not contained
in a magnetic field resulted in the appearance of high-
frequency oscillgtions of frequencies close t¢ the Lang-
muir values. The excltation of oscilliations ls accom-
panied Ly beam automodulstion. Energy losses per single
beam particle equal A< 100 electron-volts/centimever,
while those for a single charged particle in the given
case are just~ |0-% electron-volts/centimeier, Such a
sherp increase in losses 1s occasioned by the c¢oherent
character of heam interaction with plasma as & result ci
its automodulation &8s it excltes plasma oscillaticns., 1In
order to eliminate the effects of plasme inhomogenelty in
these experiments, particularly boundary layers and -the
cathode drcp region, the plasma was created by high-fre-
gquency discharge, while the electron beam was injlected
externally with an energy of ~S0-+70 kiloelectron-volts;
this 1s considerabdly in excess of the energy obtained by
an electron in the boundary Debye layer., Initial cscil-
lations were occasioned by fluctuations in both beam and
plasma.

The work of R, A, Demirkhanov, A, K. Geverkov, A, P,
Popov, et al (reference 62) likewise revealed the excita-
tion of longitudinal oscillations, ylelded a value for
the relaxation periocd, and established the appearance of
exclted wave harmonics.

The papers by M, D, Gabovich and L, L, Pasechnik
(reference 63) deal with the speclal structure of excita-
tion 2zones and the determination of beam energy losses
as a result of travel throuzh the plasma.

The effect of electromagnetic wave intensification
resulting from the iuteractlion of the beam with longitu=-
dinal waves in thne plasma was discovered in the experi-
ments of Boyd and Field (reference 64) and V, Ya, Kislov,
Ye. V. Bogdanov, and Z. S, Chernov (references 65, 66),
In these experiments, the init’al excitation was induced
by an external source, s¢ that increasing high-frequency
longitudinal waves wer:s excited in the system, /Note: the
value of the field rise increment in the space was deter-
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minad with relatlon to algnels &t the Llaput and output of
the system/.

Tre above experiments are tc some extent in conflict
with those of Looney end Brown (referencs 67) which c¢id
not yileld the appearance of baam instabilities. The
reasor foxr this is thet in thaelr exneriments Loonsy and
EBrown made uge of besng with sm&ll transverse dinansions,
We pointad out earlic: thnat tne cscililation rise incree
ment decresses in direct proportion tc the beam radius,
The theorstically calcmlated value of tha rige increment
for the Loonfy and Brown experiments is equel to ~ 2.5
centimetera™' |, For this reascn, the waye length at

which the beem was to interact with the pleema (1.5 centi-

meters) nad to increase by a factor of 10, Since in these
experiments the initlal excitation wae detected cnly by
means of Tluetuations in the bean and plasme, the oscilla-
tion amplitude wes small and hard to Getsct, In all cf
the previously mentioried experiments, however, the heam
radius and interaction wave length were consideradbly :
greater, The theoretlcal inteyeification velue in these
experiments amounted to~ 10¥+10%,

The oscillation rise inorements Qetamiined experi-
mentally and calculated theoretically are in sufflolently
close agreemxent (Table &), Certein discrepancies in the
- experimental data obtained by various authors and theor-
etical valuee i3 observed in determinetions of the relaxa-
tion lenzth for beam-plasma interacticns, i.e,, the
length at which the energy of regular mction becomea oscile
latory energy. A more precise comparieon of expeririental
and theoretical data requireg more accurate experimental
measurements of velcolty distridutions in the beam and
the plasma tempereture, since these perameters . strongly
effect the relaxation length.

Experiments were carriecd out in 1§59-1660 on the .
- interaction of charged particle beame with plasmas enclo-
sed in a magnetic field ( I. F. Xharchenkc et al, reference
68). These experim:nte revealed the excltstion of nigh=
and low-fraquency oscilistions resulting both from modu-~
lated ard unoduliated beaus, The spectrum of excited
high=-freguency osciliations ig accurately demoribed by
the theorevical rclationshlp w™ \/wa%' + Wy Pwx
*w,. _Their intensity 1s particularly great if rfor
We 2V +Wu' , We =Wy, Low frequency oscilletions
are distributed in groups in reangas of tens, hundreds,
and thousands of lilocycles per second. Ti:ey are distrie
buted in the ionic=gyclotronic and magueto hydrodynamic
wave regions, Por 2 :nore preclse determination cf the
types of waves exclied, it ims necegsary to measure their
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wave lengin (Bg)and to determine the suaracier of ihe
angular dependenc: c¢f electronagnetic flelds.

In Investigating the Interaction o & beam with plac-
ma in a pulse reglme, the experimentors fucceeded in od-
serving the develcopment of 1instapliltics by visuai means
and in determining thelr vise time due to the low {requoncy
of the osclilllaticns. For oscillatlicns in the trequency
range of approximately 100 kiloeyeles/second, the instai:l-
licy rise time amounts to about 50 mleroseconds, L,c¢., Lo
about 10 oscillationc (reference 49}%,

In additlion to the excitation of the afuremeniiocned
high- and low-frequency osclllations, the expurimenters
likewise cbserved the exclitation of parametric cscillations
in the modulated beam,

The fcllowlng Lo apparent from Table 6

1) most of the Instabllities consldered abcve have
Ly now been observed experimentally;

¢) the basic instanllity characteristics (excitatlun
ecnditions, rise increment, frequency spectra, relaxstlion
lengths), determined experimentally are in most cases
cloar to the theoretlical values;

3) the development of lnstobllitles 1s accompanied
by the appearance of oscilllations and a conslideradle reduc-
tion of the regular-motion cnergy of the veam, . Even in
the case of a rarefied plasma (n,~= i0") , the lcssss amount
to approximately 109 electron voltg/zentimcter per particle;

4}  the development in iastatliities lilkewlse leads
Lo a conslderatle In:rease in the plasma electron senergy.
Thus, for c¢xample, this energy reached values on the grder
of 10-2C kilcelectron-volis in erperiments invelving veam-
plasme interacticn ia a magnetic field (reilerence H3);

5)  the éavelopment of instabllities 1s accompanied.
by considerable increase in the ilconle and electren cur-
rents perpendlcular to the magnetic lield.

Thus, all of the "dangerous" consequences of Instabl-
1ities have been established expsrimentall:.

At the same Lime, tho completed oxperiments conflimm
the pocalvility of eluwinating inatabllities. Thus, for
example, beam modulation leads to the elimination ¢of an
entire apectrum ¢f lnstebllitles due te the fgot that a
modulated bheam can excite osclllations in the syatem not
coinelding with the rescnance wave length, Ream and
plasma nmodulation leada to the appearance of parametric
instabiliitirs, However, slnce the wldth of excitatlon
reglons 1s extremely 3mall, the density inhomogeneltles
in tne plasma lead to the eliminatlon of these instablil-
ties. The elliminatlion of a number of instabllitlies ls
achleved even with a relatively minor scatteringe of velo-
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cities within the beam, The rise increment 1s highly
dependent on the geometry c¢i' the system, l.,e,, on the team
and plasma radius, so that instabilities 2an also be ell-
minated when.gdefini:® ratios betwesn thelr peraiieters pre-
vall, Finally a nunver of experiments have shovn that
increases in the amplitude of execited waves result in the
appearance of non-linear effects which limit tne develiop-
ment of instabililties,

The further study ¢f the instaplliities conaicdered
above and ways of eliminating them will require experi-
ments in which the plasma density is increared to vaines
oL Ny 10'3 =+ 10" | with the degree of plaama lonizatlion
raised to 50-100%. In addition to this, 1t 13 necessary
to glgnifilcantly increase the electron current up to
values of I~ w>=+10%a& ., Tals can be done most con-
venlently by using plasma formed by a powerful nigh-fre-
quency discharge cesium plasnma, and plasma formed in 28
linear betatron. It is likewise necegsary t¢ carry out
experiments in winlch the effects of excited oscillations
on conductivity and diffusicn in high-{requency plasma
would be determined directly, '

Wwe have been considering experiments in which the
interaction between beams and plasmas was studied in
speclaliy~construsted experimental set ups designed for
studying this process in 1its "pure" form, uncomplicated
by cther influences.

Of the experiments cn beam-plasma interaction carried
out directly in CTR 1lnstallations, we should mention the
work of Bernstein et al (reference 73), Ellis et al
(reference T4). The most significant result of this work
has been the conflitiatiorn of the fact that instabilities
can &rise in stellarators at currents considerably smaller
than the crltical currents which gilve rise to magneto
hydrodynamic instability. These instabilities are aczom-
panied by an increased high-freguency nolse level which
is .considerably in excess of the "thermal' nolse level.
Also observed was the emission of high-frequency oscilla-
tions in the 10,000-70,000 megacycle/second frequsency
range corresponding tc the frecvency of Langmulr oscllla-
tions. By measurements of Roeuntgen emissiocn it has been
established that instabllity is accompanied by the apprear-
ance of high-energy electrons (up tc 3 million eleciren
volts). As was shown in the recent studles carried out
by Ellis et al (ref2vence 74), instabilities appear in
those cascs where there are proper conditions for the for-
mation of a significant number of escaring electrons, 1In
crder for electron to schieve tlhlds stste. the energy it
must ecquire during free -71ight pericd must be comperable
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witlh e themgl-m-t.nn @nerwy{f 3"~;'V Cyoe In othe
above experiments ¥ turnea oub to be egusl to 0.1-0,2,
Upcn attaining these values, the current in the stellsara-
tor ig sharply reduced despite tiz increasel eolectirie

field, This reducticon 1z explained by the {act ohat

electrons lose energy Lla the ccupse of osci‘k«temv exalta-
tion, “he time during which the quancily Y resciops a
erivical value and the currant is reduced sharply ecuals

&

approximately ~ 200 o 800 microsescends, The above ex-
perinenits confirm the role of high-~frequency instaviliitles
in the operation of & stellarator, At the.present fle,
hovever, 1t 1z difficult to eveluate the @igﬂ’i.“ pgnce of
high-frequency osnill atione foir plasma Aiffuslion in the
steillarator Jusee Note/, One or the drawbacks of the
experiments Gorstated in the fact that t they 3id not in-
clude a sitvdy of the cselillaticn %pectrnn and & correlie
tion of these osgecillatisus with c046¢t1\u8 congusive Lo

the appearanca ¢f instabhilties, We must bear’in mind
that west of The exclted freqmencles gre related in &
simple way $o the number ¢f escaping electrons. Thezeo

froquencles equal~(w/r 4+ W) WHR whepe W 1a the
frequency of ionic Lengmulr csellla tisnd Ui e L8 the
Langmuir plasma froguency for the rest state;‘ and:ﬁmmig
the Langmulr fresuericy of the roving plasma /%ot low-
frecuency Insceblilities must be 01 great st gn* 1o»~ae T
Glfrfveion in the stellarater/.

£) Untii the present time most of the attentlon in
studies of beam-particle interaction waa centered 4bcu»
the excitation of instahllitices conmtituting one of the
maln chatacles in the path of reslizing CTR. It is
rrecessary to note, however, that the indiczted intersgeticn

simultaneoualy leade o an intensive "collimicnless" energy

exchange between the charged particies and plasma. thereby
playing a favoratle rcle., It would be interesting to con-
gider theoretically and experimentally the prnblem of
using this interaction for plasma thermallization. L5 was
pointed out above, ir the interaction of electrcn begms
witi plasms, the energy of re?ular electron motion over a
very short pericd of time (o 1076 o7t veconds ) cgn pe con-
verted into longitudinal wave energy‘ As the amplitude
of these waves incresses, there may arise a relative elec-
tron-plasma lon moticn of large relative velocity. This
relative motion can elso take place in the development ol
instabilities occasioned by transverse motion. (ep for
example under conditiona of cvelotronic resonance),

The intersction considered allows an effective trans-
fer of energy {rom the electron beams to the plaszmna ions,.
For this purpose, the dilumensions of the electron clustare




Qr the w. . duisvicn wavelersih n mis. be s selected &8 Lo
satiefy the coherance concdltions for ioiilc cscillations
and noct for electron oscillations. Tis requires that
Reca <Ny Under these conditions. as distinct from
pair-interaction, electrons will yleld most of their
enargy Lo the ilons,

1t 1s likewise pcssible to work ous methods of in-
Jecting charged particles iato plasma tased on ths fact
that conerent lcsses of energy asg the latter move throcunh
the plasma can attain extremely high values (100-1000 elec-
tron volts/centimeter),

Thus, beam-plasra interactloa can be used for beth
the injecticn and the heatlng ¢f the latter, The basic
difficulty here is that this interactioans allows for
consideravle diffusicn. It should be ncted, hcwever,
that there apparentl;y exist a number of tyrss of instaol-
lities such &3 longitudlinal plasma oscillations wnich in-
volve large beam~-plasma energy exchanges but do not dirzce-
tly increase dif'fusion.

The congideratlons adduced above cannct be considered
fully confirmed at the present time; 1t is our cpinicn,
however, that they ought to be investigated.

The interaction of charged particle beams with plasmes
is likewise of interest from the standpoint of plasma dlag-
nc3tics, It allows »ot only the determination of plasma
Gensity, but alsc the frequency of pair collisions in the
plasma and the function of electron and ion distribution
within the plasma with respect to velcelty. Since 1in
this typ=2 ¢t interacticn the oscillatlions rise exponen-
tlally and appear at a time wnen th2 rise increment exceeds
the frequency of pair collisions, the measurement of ccl-
ilsion frequency on vhe bhasis of the instabllity excits-
tion threshcld constitutes a very sensitive methed indeed.

Reversing the dispersion equatiun, it is pocsible to
obtain relationships connecting ¥, (¢)witnh the phase and
group velocities ¢f wavea propageting through the plasma,
and thelr olse increments (reference 75).  Thus, measur-
ing tne dependence o1 phase velccity and rise lacrement
on freguency, 1t 18 possible to cdetermine the distribution
funetion for plaesme particl:ss,

Decplte the impourtance of irvestigating the above
preblems, the guestion of ellmlnetineg insvabilities appa-
rently stiil renaln. the most timely and dirficult task,




Expressions Usgd ip the Present Article

Langmuir frequency of plasma electrons;

Langmuir frequency of plesma lons;
Frequenoy;

langmuir frequency of electrons;

Langmuir frequency of ions;

Rise increment; .

Rise increment of the wave with wave vector k;.
Width of the resonance curve 8(Rew);

Phase velocity of the wave in the direction of
beam travel:

Projection of the wave vector on the direction
of beam travel;

Projectior of the wave vector &long the con-
stant magnretic fleld;

Projection of the wave veotor perpendicular to
the constant magnetlc field; ,
Wave numbers : ;
Rise increment in spsace; . f
Regularized beam velooity; §
Velocity of regularized motion in a direotion
perpendioular to the oconstant magnetic field; .
Thermal velocity of electrons or ions; i
Drift veloolty; : i
Alfven veloolity:; :
Plasme density; ;
Ionic baockground tonsity; ‘ ' '
Density of electrons not captured by the wave°
Rumber of particles in cluster;

Temperature of eleotrons or ions (given in ergs
in the tables);

Teaperature of plasma electrons for t=0 (horo,
k is the Boltzmann constant);

Temperature of beam electrons perpendiculer ann
parallel to the direction of beam travel, res-
pectively; |
Variation of transverse beam temperature; :
Intensity of constant electric field!} '
Amplitude of the field of the waveoorroeponding
to & given value of the wave vector k;

Field intensity at which bean fragmentation 1n
the plsame begins; ‘
Blectric field 1nteneity.

Oriticsl value of aleotric fleld intensity(velts/,
Nomentum across and along the magnetic rieldgy
- Angle between the direciion of the constant ..

by .




magnetic “1:1d sid the civectiorn of wave pro=
ragetion;
g Conductivity:
R Qg ==~ Rofractive index;
[ == Gamms ‘function;
A» =~ Debye radius:
£ == Particl: energy;
G ==~ Egcaping eleotron stiream;
o. we Radiue of plasme rod;
‘ N w~ Wavelength in vacuunm;
Mo Ko -~ Ratlo of electron and lon messes;
M & wa Iarmor  radius for ionsy
L,"Lu_ua geometric dimensions of the system;
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Instability ocossioned by aromalcus Doppler effect;
Type of oscillaticns;

Excltation conditions;

Frequency sreoctrum;

Rise increments;

Numerical exanple;

References;

Instatility of tranaverse waves in electroun bsem;
Longitudinal waves (two beems);

Longitudinal electron-ion osclllations {plasza eleow
trons form & beam)} ,

Loagitudinal oscillations (plasme electrone form bveam);

gonioscyolotronic ogclillations excited by electron
eam;

ionicecyeclotronic osclllations excited by lon beam;
Plasma oscillations across magnetic field execited by
eleotron beam; '
longitudinal sicctron oscillations excited by elecw
tron Tean;




CHUSONOKIJe o SHITEOUELNS WLMQ

) R(TA) é ‘f52) ‘¥ ‘y ‘wmrorwrig £ CWRTIL .
‘dALudounal - gamodAos Ny g ..l!i.m Ar.uo-. -Eu«...-w.a 2

“ av Aﬂﬂuvﬂlﬂuuv Ouﬂ -4
134 - .
x (¢ == \\. lu.nb . \ﬂnlm 500 | %o ~
1-¥9 0} 9'1 nnc (=) PN o Vv 0 g ..“On,_*on: — Ly &Yy sodorsr
foel | 1-%97 052> T9 ‘® ‘o . Be -red0 mowkin wriEnodi
f6z] |V0="? o ="H {g=u) 4...m.n.\m3 £ (Ho 5 §0) R VJM..«:".Q -HO¥e GNETUEN H GEHEQIrON
‘o0F =1 108 =% (h=) 9uts o - Ho 4 <ol ¢ xnEaroYodn  emEoY£groy
e e, N ‘o )
. euoaouﬁn\unllue..-m.vw o,ﬁ.m.ot X
\ . .a..vnV
sm.-nuu 012 u:H (o) ¥qvi-+ . AL T Ta—Tae ("a)g=}Y
(a2l 508 ="H ; = f sodorgusmiize B
P \ ¥ | LA ~ Hpu=<® ML T - B 1 b
wb=uta0r =Tt Gy o Tyer ,& ¥ iy E.EWW Motamor o
;H@ .T;é x w o..._nm. (T —Td)g(§d —d) y =9}
tzzl — R . Ho—Sgy=~—=@ ”Awﬂlﬂ uv sodoreysuiio
—Tg-F o e ¥y a RUNGIOU RIDD LRI ead 2
" L2l S T4y gy S (T —p) o IMBRALLIiIYONAREH ‘AXOL
: L u@r&oaoc LUIARLBOLIAIH
e @
g rEuFew Pt FeS T ((e—Taepag =
 #ls2l B = Feou~ 0 1L e TaTy | -modivewe ﬂuenlr!?!l
o =0 P inly yo1key
- ! 72 e
T -y aﬁlﬁ@ ®Ig/ew]. !-lﬂ.ol-.l Prorrosrny §@ H!F BRROXI AL @ E1J00ELpoisfon Wag

n.dii-@n.—.

lll;u!!..fsiﬁ.lil-gn@




el

ey HINmeEEHUOQW e

Instability occasioned by normel Doppler effect;
Type of instebility;

Excitatlion corditions;

Frequencies;

Rise increment;

Exemple;

References;

Instabllity of osoclllator electron beam;
Instablility of transverse waves interacting with
relativistic oscillator stream;

Instablility of lonie osclllator heam;

Excitatlion of longitudinel oscillations in plasma by
electron oscillator beam.
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Tabie 4
A = Honlinear effects in heem=plasma interactlons;
B = Type of Interactlior;
C = Ream retardstion;
D = Tenmperaturs rise;
E = Relaxation time;
# = Incremert;
¢ = References;
H = Blectron beam in ionic plasme;
I = Moncencrgetic baam in plasma;
J = Ionte~sonic oscillations (monochromatic wave);
K = High-frequency electron bsum-plasme osclllations;
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Comparison of trecretical and experlimental values for
rise increments and relaxation lengths;

Tvpe of oscilllatlong

Mrequency;

Rise increment;

Experiment;

Theory;

Relaxation length;

Experinent;

Theory;

References;

Intensification of longitudinal waves in beam by
plasma;

Excitation of longitudinal waves in placsma by beam;
Intensification of longitudinal waves in beam by
plasma;

Excitation of longitudinal waves in plasma by beam;
Beam diffusion at plasma oscillations;
High=frequency oscillations in magnetic field;
Low=frequency osclllations in magnetlic field;
High=frequency oscillations in magnetic field°

Same as (R) above;

Lowe=frequency 1on oscillatlons;

Hligh=frequency oscillations in magnetic fie1d~

The author 1s grateful to D. Vinter for the oppore
tunity to acquaint himself wlth this work.
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MAGNETIC TRAPS WITH CUSPED FIELDS

/Following 1is the translation of an
article by S, Yu. Iuk'yanov and I. M,
Todgornyy in Atcmnaya Energiya (Atomic
Energy), volume 11, # &, October 1961,
pps. 336-344./

Introduction

In the search for systems suitable for the experi-
mental realizatlion of thermc-nuclear synthegis, there
have been several instsllations of extreme interest from
the stendpoint of originality and engineering ingenuity.
Seeking to find a finul o» penultimate solution to a
mest difficult technical preblem, physicists have been
obliged to construct sysiems on a very large scale capable
of achieving a high state of vacuum and prcducing magne-
tic flelds in complex configurations, Such installations
_as the "Ogra", "Zelta", or the stellarator serve as clear
testimcny of the trends followed in the constructlion of
such devices,

Unfortunately, the real properties of heated plasma
are considerably more complex than is pictured in ideal-
ized representaticns. They exhibit{ various types of
irregularities which have been detected Just recently in
magnetlic traps with plugs and toroidal systems with longl-
tudinal magnetic fields. This makes quite clear the
re-awakened interest in traps with magnetlic flelds increa-
aing toward the periphery, which, at least in principle,
are free f'rom certaln of the irregularities. Ancther
advantage of these traps ls the absence of a magnetic
field in the central reglon, i.e., in the area of maxi-
mum plasma concentration., This leads to a situatlon
where magnetic radiation losses become insignifilcanc.
There is little need for placing special empnasis on this
fact with the present level of our knowledge, however,

We are still very far from attalning conditions under
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which magnetic raciatlon losses are a gerlous obstacle in
the construction ¢f a thermoruclesar generator.

Quite naturaily the aforementioned advantages are not
secured free of charge. A trap with an increasing magne-
tic fileld turns out to be extremely full of holes. In
addition to the possinle lozs of particlez through the
flcods near the access of the system, traps of thls type
have an annulsr magnetic erack in their equatoriai plane
of symmetry. (It 18 assumed that the trap is axially
symmetric and is made up of 2 spcools facing one another,
1.e., constitutes a magnetle quadronole.)

At has been the case in almost all of the main
research trends concerned with the problems cof directed
gsynthesls, the first i1deas and suppositions were expres-
gsed both in the Soviet Unlcn and abroad completely inde-
pendently and prectically at the szame time, The gener-
al properties of magnetic systems in which the upper
boundary of the plasma is convex were established by
L. A, Artsimovich and E, Teller, Just prior to the
Second Intermational Conference on the Feaceful Uses of
Atcmic Energy (Geneva, 1958), 0. B, Firsov (reference 1)
of the Soviet Unilon, and Grsd, Berkowich, and cthers
{reference 2) from ths west, had already examined the
process of plasma leaitage frcm the region bounded by the
increasing fleld. In particular, 0. B. Flrsov proposed
the 1dee of the diffusive expansion of the megnetlic fis-
sure so characteristic of this type of trap. At the
same time, discussions were held st the Atomic Energy
Institute of the USSR Academy of Scilences to consider the
experimental possibllities of constructing a small stat-
ionary trap of thisg type; these talks were followed by
the first experiments (references 3, 7). This same
pericd saw the appesarance of papers dealing with the pas-
sage of plasma clots through magnetic fields of various
configurations, including flelds of increasing intensity
toward the periphery (reference 4), as well as articles
concerned with the behavior of weakly-ionized plasmas in
such fields (reference 5), On the whole, however, deve-
lopments in this field were rather slow in coming and the
aforementioned re-aswakening of interest in traps with
cusped f'lelds has taken place just within the last 1 or 2
years, It was during this time that American and Soviet
periodicals published about 10 articles dealing with the
behavior of plasmas in such setups (references 6-16).
Nevertheleas, the accretion of data so far obtained is
quite small, with meny problems requiring further de-
tailed investigation, s0 that a loglcal presentaticn of
the accumulated experimental informaticn presents serlous
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difficulties,

we shall make use of the following outline in the
presentation of our material: first, we shall examine the
qualitative picture of plasma behavior in a trap, then
proceeding to discuss the baslc experimental fascts, ccn-
cluding with a few remarks concerning possible future
reszarch trends.

Plasma BRehavicor In A Cusped-Field Trap

let a magnetic system be made up of 2 coaxial coils
aligned in a face to face configuraticn (figure 1); then
in the neighborhood of the null field point, the magnetic
field ccmponents will increase liniarly with the co-ordin-
ate:

HZ :.O.Z ) Hf 1’“%7. (‘)

let us suppose that with the ald of scme unknown
mechanism, a2 hot and highly conductlve plasma is briefly
introduced precisely intc the center of the trap where
H a« 0. The plasma then pushes the lines of force apart
and fills in the weak fleld reglon. This glves rise to
a central region free of any field ané a compressed field
region without any plasma (figure 2a,b). A pressure
balance i3 established at thz plasma boundary, correspon-
ding currents flcw along the plasma surface, and the dia-
magnetic plasma formation has an unchanging, stactle form.
At this initial moment of time, plasma leakage takes
place through an annular magnetic f{issure of width &eg_ 3
here @, 18 larmor radius for elecirons in the area of the
fissure. Simultanecusly with plasma leakage, however,
there begins yet another process in which the plasma
gradually starts to diffuse into the flield and the field
gradually enters the plasma; this is a mutual interpene-
tration of plasma and fleld. This process can also be
characterized as an expansion of the magnetic fissure,
According to the laws of diffusicn, the increase in the
size of the fissure is very rapid at first, but slows
down gradually (figure 2c¢,d). Penetrating into the
transition layer, the plasma escapes from the trap through
the expanded annular fissure, moving along the force field
lines. As a8 result of quasi~-neutrality, the leakage of
plasma in this directlon proceeds at lonic rates, At the
boundary between the "pure" plasma and the transition
layer there is a pressure equilibrium, and the plasma 1s
ejected from the trap like toothpaste from a tube, It
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tums out tnat if & preasure eguilibrium does indeed exist
the rate of fissure (or transition layer; expansion 1s in-
dependent of the magnetic fleld and is cqual to the skin
layer formation rate.

In order to underatand whet follows, it must be .
noted thet the debye scereening radius at the nlasma boun- |
éary iz ruch less than the larmor icnic radius. Por this
reasocn, tvhe formetion of a transitlcn layer which takes
place a3 a result of elestron~ionic collisions starts at
the layer whose thickrness at the flrst moment is equal to
the lermor electron dlamaster. Speaking plcteorially,
mobile electrons strive tc escape from che trap along the
lines of force (through the fissures) but are held beeck
by slow lons, It would seem that the field would be
traversad in a tranzverse direction by ions with large
larmcr radii, but these are held back by elestrons.

Within the framework of thla gqualitative picture it
is posslihle tn determine the dependence of the time of
plasma scepage from the trap on the characteristic size of
the system R, the magnitude of the magnetic fleld H, and
the initial plasma energy W, as well as to lavestigate
the character of plasma density variation with time.

Appropriate caleculations (reference 16) show that the
time of piesma 1ife within the trap under these conditions
is aprroximately proportional to tne expression (QJr{)Vt,-
slowly incressaing with the initlal energy of the placma
formation and practicsally independent of plasma tempera-
ture. '
To find the dependence ¢f plasma dansity on time, it
is neceasary to solve an eqguation of the form

AN —~ ¢

o

At A ()

where N 13 the total :number of particles in a field-free
region; n is the pla:zma density; ¢, is the ionlc veloclity
and S 1s the magnetic {issure area. Taking the classical
expression for the diffusion ccoeffizient and noting that
N = nV where V is the variable volume of the compressed
plasma, and making use of the condition that the plasma
and field pressures are equal, it 1s possible tu find the
solutlicn to the above equation. Flgure 3 depicts the
variation of plasma temperature with time, The salient
feature of the solution 13 the fact that the plasma es-
capes from the trap within a definite time, and not that
denslty decreases according to an expanential law.

Of course, everything sald so far hardly describves
the actiual procesees which take place in a trap. The
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fact of the matter is that the behavicr of plasma in such
a trap, i1ts stablility, length of 1life, ate., are all
closely bound up with the method of plasma injection,

Almoat all researchers concerned with cusped-field
traps make use of scuie variation of electro-dynamic injec-
tors in thelr work., Varlous types of injectors vary sig-
nificantly with resszect to intensity, the rate of morion
of the plasma clot, ard {ime of cperation. There is no
such thing is an 1deal injector, however, which could
introduce extremely hot plasma into the trap within a
very short pericd of time, For this reason, in penetra-
ting the magnetic barrier under actual working ccnditions,
the glasma alreadX partially minglea with the field (fig-
ure 4), The depth of field penetration into the vlasma,
the magnitude of the magnetic stream caught up by the
plasme and "frozen" into it are dependent c¢n plasmi tem-
perature,  the rate of its motion, and the magnituta of the
magnetic harrier. We must note 2 condltions which accom-~
pany the filling of the trap with plasina. In the first
place, the filling process proceeds simultaneocusly with
the expansgion of the magnetic fissure and plasma diffusion
in all directions. In other words, plasm& density in-
creases as the plasma seeps off. In the second place, the
presence of a macroscoplc current flowing along the peri-
phery of the plasma clot being injected acts to displace
the center of the system (the point of null field in a
vacuum) somewhat,

The procese of field-free plaama seepage from the
trap (if suchn plasia doe: indeed exist) is again descri-
bed by equation (1) bLut with an additional term which
depends on time and takes the action of the injector into
account, The seepage time in this case is finite.

Let us now assume that by the end of the injecticn
process there will be a certain volume within the trap
fi1lled with fleld-mixed plasma, Let us also assume that
"pure” plasma constitutes a small portion thereof, Then
the nprocess of trap emptying 1s best described with the
aid of a model with a constant volume and a fissure of
constant width. Let us recall that the fissure width
increases rapidly during the initial stages, and, conse-~
quently, having reached significsnt propsrtions by the
time of the injection, continusa to increcase in silze quite
slowly. in the central portion of the weak field, the
" ions ars as formmerly unmagnetlized, so that their movement
from one edge of the fissure to the other proceeds with-
out the conservation of magnetic moment. Plaama scepage
as formerly takes piace along the lines of force at an
ionic rate but without additional preesure applied by a
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" magnatic field., In such a model, the variation of plasma.
- density with time can ve written es i

| whera T 1s the chuaracteristic seepage time (figure 5).
Che value T iz given by the-Qquatién

-

whera & 3is the fissure width, and the rest of the syabcls -
4y defined abcve, ' '

; Hence, regardless c¢f the concrete model considered,

: the plasms in traps with cusped-fields will be eonczaltie-
: ted@ in the central regicn, Plaama aeepsaz® must texe

' place through the annular magnetic fiasure. The time of

. plagua escape from the trap c&n be determined for tws
boundary cases, In the madel with "pure' plasma, the

. seepage time turns out to be finite, '

Basic Fxperimential Data

’ Table 1 conteins = listing of the sizes and maximum

. yalues for the magnetic field (in the region of the wmg-

' netio fissure) for a nurber of completed setups. In all

. systems with the excéptlon of that ol Watteau, the plasma °

. 18 introduced intc the trap along the axis of symmetry '

" with the aild of an electro-dynamic injector of some type, .

" The directed velocity of the plasma clot lies within the |

C1imits of (0.7-1.2).107 centimeters/second, - In the Wat-
teau /Teference setup, the variable magnetic field

with a pericd o ¢ microseconds and an amplitude ss in-

dicated in Teble 1 was spplicd to a direct self-constric-

ting charge with a currunt intensity of 15 kiloamperes,

*Yacuum conditions were comprable in all cases, Mltra-

' high vecuum techniques were not employecd.

' A numper of methods were emplcyed in the study of

plasma behavicr in the trap. Photozraphic tecnnigues,
including high speed photography wera used to obtain phe-

tographec of the pla#ma in the traps at varicus moments of

- time, The use or electrical probes of various types made

' 1t possibla to determine plisma Adensity as it varied in

time and ics topography. Megnetic probes were auployed
to study the procers of field displacement {or capture)

. w———
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in thes plasma and i'or deternining the currents {lowing
through the injecied plasma clots, Caiorimetric methods
made it possible vo datermine the spatlal plcture cf plas-
ma seepage from the central regilons of the trap. Spec-
troscoplc technlgues were employed qulie sparingly. This
was partially due Lo the low intensity of luminescence
froem the placma uncer the glven couditicns,

Let us first consider the experimental data confir-
ming the capture of plasma clots 1in trape and tne problem
of plasma life, Figure 6 shows oscillograms of lonic
saturation current on arn electric probe placed in the
central reglon obtain:d in the "Orekn" (reference 16),
Asguming constant plasma temperature, these curve:z indi-
cate the variation of its denslty with time, The dls-
charge in the injector circult is cut off with the ald of
a special discharger following the flrat semi-pericd;
thus, the duration of the entire cycle is abocut 3 micro-
seconds. As may be seen I'vom the oscillograms, plasma
denslty reaches a maximum value alter the current is cut
off in the inJjector cirgult. The process ol density
decrease 13 stretched out over many tens of microseconds.
It 1s Iinteresting to note that thre characteristic seepage
time turns out to Le practictlly independent of the stren-
gth of the magnetic fleld, Figure 7 illustrates this
cententlion with the aild of data obtained with the same
trep.

Plasma lifctimes as meusured with other setups tumrn
out to be on the seme order and lie within limits ranging
from ~§

microseconds in reference {9) up to ~ 290 microseconas
in reference (12). Another factor to be taken into con-
sideration in ths latter case i3 the extremely long dura-
tion of the injecticn procese (~ 150 microseconds%,
making it difficult to distingulsh the trap filling stage
from the leakage stage, Another complirating factor in
this particuiar expe iment la secondary ionic emission
from the walls of the system wnich supplies slow icns to
the central region and lengthens the piasma dlsintegration
process,

The process «f plasma formation and dlsintegration
can likewise be observed thiough variations 1In its lumin-
eascence, registering the intensity with the aid of a
photoelectric pickup. The results of photcuelectric
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measurements are in agre=ment with data obtained with the
aid of probe techniques, ' .

The experiment ir. reference 11 involved the use of
high-speed motion plcture photography for observing the
course of the process. The resulting films make it pos-
sitle to foliow both the penetration of the plasma thlirough
the magnetic barrier and its subsequent behavior within
the trap, In this case, the plasma life time was likewlse
on the order of tens of micraseconds,

In summary it might be said that the combination of
probe, photoelectric and phctograpnlc ovservaticns 1is
sufficiencly convincing testimony of plasma clot capture
in the trap. The characteristic plasma lifetimes turm
cUt to be rather discouraging, however; they are quite
close to flythrougn times, This 1is not surprising; as
has already been stated, in traps with cusped flelds the
plasma can escape through fiassures without being retarded
by colliisions between particles.

Guantitative conparisons of experimental data with
the above estimates &r: o1 ¢ourse of a prelliminary charac-
ter, let us nevertheiesa cite a few figures. For the
"Orekh" setup (in a typical range), the displaced-field
model ylields a complete escape time on the order of 2C
microugeconds, The congtant-volume model on the other
- hand gives a characteristic escape time (i.e,, the time
i1t takea for the cornventration to reach 1/e of its initial
value) on the order of 80 microuseconds, We thus have a
reascnable "branching" of the estimated values,

The penetration of field !nto plasma during the in-
Jeation nrocess was dizzovered rom an analysis of mag-
rneclc probe date. 2y information is contained in a
rumoer of papers (relerences 8, 12, 16). The constancy
of plasma lifetime observed in experimente (see figure 7)
with variations in magnetic fleld intensity over wide
limits also testifies in favor of the supposition that
there 13 & strong intermingling of fleld and pliasma under
the given coaditlions. L«t us llkewise note <hat the
extremely short lifetime observed by Scoit and wensel
(reference 3) in thelr experiment ccincides with tan small
transverse dimensions of their, trap.

Let us now consider the protlems of the spatisl dls-
tribution of plasma in the trap. FRigure 8 represents a
photograph of plasma obtained during the compression of a
_pulsed discharge by cusped flelds (refercnce 9). The
flattened shape of the plusma formation leocalired in the
medisl plane of the sysitem stonds out guite clearly in
this photograph. This same cunclusion can be drawn from
an examlination of the moiion plcture still included in
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artirie 11, Fuentluative a&Le o plzema topogriphy in a
cusved~field trap aecording te the measurements of Ccens-
gen anG others (reference 12) are presented in figure 9.
£s 18 apparent frcm the graphs, the plasma is mcore and
mors constricted tovarsa the axis as we move away frum the
cenvral picre of the gystem., The curve: of radisl picsma
gensity distribution in relative units were obtalned by
integrating signals from electrical probes of apecilal
design.

In accordarnice with the avove suppositions, plasra
leakage from the trap must take place largely through tae
snnular magretlc fissure in the central plane of tas sys-
tem. An ideally complet2 picture of plasma escape could
be obtained by measuring energy losses from the plaszma
into the walls of tie chamber on time wlth the aid of in-
struments with sufficient ¢ime and space resolutien.

This igeal experiment has as yet not Leen carried out, but
figure 10 Goes show the dlistributlon ¢f the number of
charged particles reaching an electrical probe as 1t de-
pends on the co-ordinate {according to the data cf Ameri-
can scientists (reference 12), while figure 1l shows the
distribution of heat currents on a thermal probe for two
valueg cf the magnetic fieid obtalned at one of the instal-
latiorns of the Atomic Energy Instltute imini I, V, Kur-
chatov, It is epparent that the results of thermal and
electrical measurcments are in excellent agreement, coene
firming the suppcsition that energy and particle losses
take place along the central] plane, OCf course, the ther-
mal measurements are of an integral character; on the
cthar hand, contrcl measurements with electrical probes
rlaced on the chamber walis confirmed the legitimacy of
using ther™mal probes &3 sensitive to characterize plasma
escape from the central region,

The dependence cf magnetic flssure width on fleld
intensity is represented in figure 12, ‘The problem of
whether the experimental dependerce reflects the effect of
a single magnetic fileld or whether 1t i1s effected by other
faztore a= well remains uandeclded,

We pass on now tc the resuits of dz2nsity cetermina-
tions, The values «f plasira dersity ia the central
regivn of the trap depend cr magnetic fieid invensity, ‘n-
Jection conditions; and trap geonstry, Teble £ contains
a comparison of fizures obtained for several cases, For
the rske of convenience we have 4130 insiuded num°r¢c81
data for plasmz lifctimes in the same Table,

Tha values for plasiia dengity included in Table 2
are typical in the sense that they correspend te working
valueg for the magnetic fleld and injector opereting re-
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glim=s, Plasma density in the trap increases with growing
magnetic field intensity and voltage across the injector
(reference 15).

let us noste that the vaiues n cited in reference 8
ara Cublous since they were obtained with the aid of
specsrozooplie methods whose preclse nature 1s descrited in
tut brief and vegue terms by the authors, ‘

Such are the basic results of studies on magnetic
traps with cuspred fields,

In discussing the prospects for future research we
see that the effcrts ¢f the experimenters will be directed
toward obtaining plasii of maximal initial density and
temperature, On the cone hand, this will require the per-
faction of injectors, and on the other the alteration of
injection geonmetry and the geometry of the trap itself.
How guccegsful theze efforts will be depends on whether
traps of thia type can compete with other systems and
wnether the solution will have to be sought in terms of
some sort of hybrid system; ihe anawer to tnese questions
still lies in the future,.

' Tne authors wish to express thelr gratitude to

L. &, Artsimovich, I, I, Gurevich, S, M. Osovets, and
0. B, Firsov, with vhom they discuzsed a number of the
problems touched on in the present article,
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Flgure t. Lines of force of magnetic field in trap.
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Plgure 3. Dependence of plasme density on %time. Displareds
field model.
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Pigure 4. "Slow" injection of plasma into trap through arxial
magretic flssure, :
A = microseconds.

/]

Pigure 5. Dependence of plasme density on time. Model of
Plasma mixed with field,
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Teble

plaema Densitles ond Lifetimes in Varlous Experimental Setups

Iifetime T ,

Density n, References
om=? nicroseconds
3.1012 40 (7]
to''.1012 100 [12]
8.10'° 15 (8]
-- 30 [13]
107131014 60 [16]
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THE FUTURE OF RAST REACTORS

/The following is a translaticn cf an
articsie by A, I, Leypunskly, O, D. Kaze-
chkovaskly, and M, 8. Pinkhaslk in Atomnaysa
Energiya (Atomic Energy), volumc 1I,; # B,
Octover 1961, pps. 37C-378./7

Th2 poss3ibllity of making exhaustive use ¢f urunium
for the needs of nuclear power production is connecced
witn the realizetion of cycles ¢f expanded nuclear fuel
revrocucticn, It is a well known fact that this ceunov

" be achieved with the aid ¢f Chiermal or lutermediate re-

- acture, The reproduction coafficiert in sush sysuvems
for & closed uranium-yiutonlum cyclie turns cur to oe less
than on2, and the urendum atilized in the opnvimum case
can reach ¢cnly seveisl nercent of the total quantity of
excracted cranium, Tnus, the industrial development of
nuclear power production based on the utilizaiion of
theimal or intermedlate reastors would lead to the rapld
exhaustlon of naturzl uranium resources and zould nct
significantly expanG existing pcwer resorves. A differ-
ent ztate of affdirs prevells in the casc ¢f fast reactors
There car be used to attain high values for the reprcduc-
tion coeflf'licient, considerably in excess of unity&vs.q-ljg.




The use of fast reactors wlll make it possible to solve
the problem ¢of exhaustive utilization of all uranium ex-
tracted, thereby satisfying the needs of man for cnergy
for a very long time indeed.

The theoretical poussinllity of obtaining high repro-
duction coefficients in fast reasctors was proved several
years ago (references 1, 2). After this, the basie
attention of sclentlists was directed toward the solution
of engineering pcreblems whose purpcse was to.invectlgate
the prublems involived in the technical realization of in-
dustrial fast reactors for power-producing purposes.

The characteristics of chain reactiorms based on fast
neutrons differ considerably from those of fission chalin
reactions involving thermal neutrons. Inasmuch as the
corresponding fission cross-sections are very small {app-
roximately 200-300 times smaller than those for fthermal
neutroas) the concentration of fissionable material com-
posing the critical mass in the active zone of a fast
reactor must be much greater than in thermal systems.

For the sake of comparison, in Table 1 we have listed
nuclear fuel concentrations for several power-producing
reactors (reference 3}.

The second peculiarity has to do with the fact that
in order to ralse the reproductlon coefflcient in the
active zone of fast reactors, it 13 expedient to mae vuse
of U~228 as the nuclear fuel solvent due to its relatively
high fast neutron abscrption effectiveness. Precise values
for Lhis abgorptive etficlency depend on the neutron
spectrum, but on the average 1t might be ccnsidered that
the ratio cf the radiation capture cross-section in U-238
to the plutonium (or U-235) fission cross-section for
fast neutrons is approximately 20-30 times greater than in
the case of thermal neutrons, This gives rise to the
necegslty for using either a fuel mixture consisting of
Pu 4 U-233 with a higi piutonium content, or highly-en-

riched uranium. Comparative data on uranium enrichment
valuﬁs in various reactors are listed in Table 1 (referen-
ce 3). ‘

In themselves, the aforementioned Aifficulties do not
occaslion eny special tecnnical dilfficultilies provided we
speak of the creation of fast-neutron 3ystems Iin gereral
(for example reactors for physical or engineering research
purposes). When we think 2f designing industrial-powar-
producticon reactors, havever, which first and foremost
involve problems having to do with sufficiently high eccon-
omic effectiveness, the peculiarities of fast-neutron
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chain reaction give rigs Yo certeln rather complex tech-
nical problems. First of ail, 1t 1s gulte apparent ihat
due to tne high conzentration of nuclear fuel recuired to
reduce the relative rcle of capital investments having to
do with the critlical mass. we shall be onliged t¢ inten-
gify heat removal and to increase the energy lntensity 1.
the active zcne. This of neceseity reguires the usge ¢f
liquid-metal coolants, 23lnce gasses, for examplc, cannct
assure the requlred degree of heat transfei, while water
or organic flulds are useless by virtue of thelr retarding
properties. The creation of a technology for the use of
liquid-metals as heat transfer agents on an industrial
scale is one of the more inportant prcbleme to arise in
the development of fast reactors. Apparantly the greatest
promise lles in the use o{ & scdlium heat tranafer azent,
Comparative thermo-technical data for several power-pro-
duction reactors are listed 1a Table 1.

The last line of Table 1 countains valves for the
rasic guantity whicn characterizes the economic benefit
of capital investments for nucleer fuel {specif'ic power).
As is obvious from the TabLle, thermal reactors can attain
the same hlgh values for specific power as thermal reac-
tors., Design possipbllities, generally speaking, make it
pcssible to obtain even nigher specific power values, But
from the accnomic point of view thla 1s already inadvisabnle;
further increases in specitfic power result in irer2asing
amounts of fuel left aftar removal from the reactor (prior
to chemical reprocessing) to allow for the lessenins of
activity; this In 4%urn has an adverse effect on the eco-
nomic iadices of tn2 cycle, The quanticty of residual
fuel ircreases with gicwing specific power in ihe active
zone, Actually, the greater the energy intensity in a
reactor of a ziven power, the smeller its size and the
greater the necessary fuel enrichment (due to increased
neutron leakage). As a result of a given maximum deptn
of fuel mixture burnout, the amount of fuel extractea pe:
unit time increases, The effect of this increase for
high energy intensities predominates cver the effect of
decreasing critical mass, Tyrical curves of the depen-
cdence of the gquantlty of nuclear fucl employed in the fuel
cycle In the case of a fast reactor for an atomic electr!-
cal power station prescentliy being designed on the energy
intensity for a givern power rating of 750 megawatts are
shown in Figure 1.

Curve M shows the presence of an optimum point lying
in the reglon of relatively large neat production velues,
It should be noted that the magnitude of energy intensity
likeviige effects operating costs, since the quantity of

-
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- nuelzar fuel processe varies with changlng enrichment
levels (pev uvnit of eaeryr produced). correspondingly
.altering expenses four chemical reprocesrciag. This effect
.depends on the coust af chemical reprocessing and leads to
a cevrvain decre2ase 11 the vulue of the economic coptimum
polnt,

Arother technical problem has to o with greater fuel
ocncantration 1n the fuel uixtnrce (greater envrichmentc).

Tu oprder oo desvease expenses 2and losses :n the chemical

reprozessing of irradisted fuel, it is n=cessary to in-

crease the degree of fuel mixtare burncut, For purposes
of iliustration, Table 2 Indlcates the dependence on the
guaniity oi reprocessed fuel on the degree of fuel mixture
vurnout for a mixture containing 21.6% of a nuclear fuei,
and the correspanding decrease in the renroduction coeffi-
cient. = The maznitude of lcsscs for each reprocessing

cycle is naken to be 24,
in the genersl case for equal degrees cf fuel mixture

buvrnout, expenses for chem'csal fuel reprocessing for fast

reactors must he gresater than for tharmal reactors due to

a high degree of enrichmen:., At the same time, fast

reactore have a greater potential for attaining a higher

degree ¢f burnout. The fact of the matter is that the
time of operation of heat-niroducing elenants in fast re-
actors ic determined not by the reactivity losses (as is
urually the case in thermal reazters), but ty the machani-
cal stabllitly of thes¢ elenents in the radiation field.

The creetion of heat-uroducing elements dealgned for deep

hurnout represents y=. another important task in the devel-

opment c¢f economical rcwer-producing fast resctors.

In order to sclve th.a besic technical probliem stand-
irg in th2 way of the industrial develcecpment of lfast re-
actors, the Scviet Union hus bullt the BR-5 englrneering
recearch reasctor (references 1, 4), This scdium-cooled
reactor was designed fcr a maximum heat-producing capa-
bility cf 5000 kilcwatts. Its fast neutron stream has
an internsliy of 10'F newlrons/em™ . caecad | Mne reactor is
deslizned to sclve & number of problems, the most importanc
of walch are listed belcw,

1, The couplex test.rg of coollirg aysteas and the accu-
mulatior of voriung experience with raaloactive
sociun coclarts,

2. The tuesting cf individueli samples ani prototypes of
heat-prcducing elements for industrial reactors to
attaln the greatest noscinvle degree of fuecl burmmout
unéer conditicns close to chese erncountered in in-
duetf'.‘;'. '

3. The s*tudy of fast reactor kinetics under concitions
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of high energy intensluvies,

4, The performance of experiments in rnuclear physics
and studles of materdlals undpr conditions of intense
fast neutron streams,

From 1ts very inception, the BR-5 installation was
intendsd to be used in the testing of pcwer equipment
wnich, obviously, weuld re quite remote from that required
in sctual industrial installations with regaxrd to both
size and power, The use of & turbine would only compli-
cate the operstion withcut ylelding any useful results;
fer this reason, the reactor cperatea without producing
electrical energy and the heat produced is released into
a stream of water and the surrounding air.

: The nuclear fuel used in the reacter consiats of
plutonium oxide, whose use in place of metallic plutonium
was dictated by its high m21lting point, good compatibility
with surrounding sf{ructural materials, 2nd as was Geter-
mined by preliminary experiments, its stabllity in the
radiation field. The plutonium oxide is enclosed in
steinless steel tubes arranged in heat-producing sggrega-
tes, Blueprints of such an aggregate and heat-preducirg
elements are shown in Flgure 2. The active zone consists
of 80 such aggregates. 1In addition to this, 1t also in-
cludes aggregates with rnatural uranium, as well as special
containers with various samples to be irradiated by
neutrons, As 13 known, the reactivity of a reactor with
a high K. {such as the BR-5 reactor) can be significantly
affected even by relatively small changes in the active
zone geometry (wlithin the limits of technical tolerances
and temperature expansicn), It is lmportant to bear in
mind at this point that the presence of a heat-prcduction
gradient along the reactor radius can in principle give
rise %o undesirable positive compenents in the power re-
activity coefficient., For this reason the desgign for the
active zone, and especially c¢f the system of plutonium
tube reinforcement in the heat-producing aggregates and
aggregates within the lattice incorporated necessary
features to improve the stabllity cf the system. The
active zcna has the arpreximate form of a cylinder with
a diameter and height -.f about 280 millimeters placed
within a thick-walled _entral tube made of stainless steel.
The stream of sodium coclant passes through tha tute.

Since the reactor 1s not intended for practical re-
production of nuclear fuel, the use of uranium (either
natural or irpoverished) in the reflectcr is not manda-
tory. The use of uranjum at this point, moreovei, would
lead to increases in the intenzive heat-production regicn
and the appearance of certair. technical difficulties with
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regari 1o reflector cooling. For this reason, the re-
fiector was made of nickel which has a high albedo for
fast neutrons and good heat conducting properties., Maxi-
mum heat-producticn in the reflector equals 220 kilowatts.
- The remcval cf this nheat 1s realized by means of pumped

The regulation of this reactor is based on the prin-
ciple of varying the system reactivity by shifting the
internal nickel reflector lavers, To reduce reactivity,
the movable porticon of the reflectcr 1s lowered, When
the reactor must be shut off quickly, the circuit which
feeds specidl retainer-electrcmagnets is broken and the
internal reflector 1s lcwered by the force of its own
welight., A longitudinal cross-section of the reactor is
shown in Pigure 3 (see attached plate).

The system for removing heat from the active zone is
- composed of seversl circuits and 2 locps (figure 4), It
. was designed with due regard for the necessity of obtain-
. ing the most varied possible practical experience with
liquid metal coolants. The sodium in the first coolant
circuit, upcn emerging from the central pipe, branches
off into 2 similar streams ficwing alcng ldentical loops.
- Fach loop includes a heat exchanger for conveylng heat
" into the second circult and & circulaticn pump. The
- first circuit is supplied with plug valves whlch make it
- pessible to remove the heat from each of the loops sepa-

rately. The maximum flow rate of sodium in the active
., zcne 1s 5 meters/second, and its temperature upon emer-
. gence {rom the active zone 1s ~» 500 degrees C. Tne

cooclant in the second circuit consists of a eutectic alloy
of sodium and calcium with a melting point of minue 12
degrees C. Both circults are supplied with cold traps
for oxlde removal. The rate of coolant consumption in
each circuit equals 250 cubic meters/hour, The total
amouat of 1liqulid metal in the system 18 ~s 5 cubic meters,
Heat 1s removed from the locps in the second 2ir-
cuit by 2 methods. One of the loops has an air heat
exchanger in which the heat is removed by a stream of
atmospheric alr pumped in by a ventilator. The other
loop containg a steam generstor, The resulting steam is
used either for tecnnical purposes or is condensed in a
continucui-flow refrigerator, The cooling system like-
vige incorporates features which make it possible to
remove heat whenever it 13 necessary to stop the reactor.
Residual heat may be removed from the active 2zone and
transferred to the air with the aid of natural convection
even with all electricity to the reactor shut off.
Physical test runs on the reactor without any coolant
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1 filled aystem. After this, a period of adjustment and

were carried out in ti » summar of 1558, Jénuary 1859
marked the attainment of the critical state in the sodium-:

improvement of individuai clrcults continued fcr several
monthe, so that by the surmer of 1959 it was poesihle to
intilate work witn the regsctor according to original de-
sign perameters; this work 1s preamently continuing. The:
fngtallation turned out to ba extremely stable and cen-
venient in exploitation. We should note the reliakle
opsration of the equipment which in most cases was not of
the standard type and had to be specialiy produced for the
given syatem, The reactor operated in various regimes in
acoordance with experimental needs. Maximum power output
‘5000 kilowatts) orf output values quite close to thie ;
igure was maintained throughout a large portion ol the

Iy

| operating time., The totel operating time of the reastor E

at this power ievel amounted %o over 80% of the time last |
fear, o :
’ The operation of the reactor has yieldsd important
results contributing toward the solution of the problems
posed, Ye have now to 2 considerable extent mastored ;
tha techniques of working with & radioactive scdium cool-
ant. it tums out that sodium by virtue of its opera- .
ting properties is a periectly acceptabie heat transfer |
agent, For example, it is in many respects superior to !
water since it creates no difficulties having to do with
corrosive effects, nor does it require high piessures, :
Tne convenience cf using sodium also makes itself felt in
replacing equipment In the ¢ooling system., .Such replace-:
ments can be safely curried out withcut draining the oir-
cuit simply by freezing the sodium in the required sections
of piping. 1Ia this respect, scdium likewise is superior
to the Na-K alloy. = The use of cold traps assures the _
lowering of oxide concentration in the ccolant down to the.
pequired value of ~ 1~ 3.10° o, | *
Work with the resctor has demonstrated that the heate.
producing element design employed le quite reliable, f
Surfice it to say that by June 1961, the reactor attainsd
a maximum degree of fuel buruup in excess of UF, The
magnitude of the integral fast.neutron stream which ir-
radiated the heat-producing elements exceeded .,03*
neutrons/square centimeter, Moreover, this was not
ascompanied by any signs of the presence of plutonium in
tne sodium, confirming the sufficient mechanical strength :
of the heat-producing elements. The resulting operating |
data confirmed the expediency of using a ceramic nuclear
fuel. At bumcut levels on the order of those attained,
the relative quantity of processed nuclear fuel for fast

C e e amemte e cmmsen o
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rveactors Ls compryble withi the corresponding quantity
employcd in thermel reactoers. At the same time, the
total volume of chemically reprocessed fuel 1s decreased
conslderably (by lowering the quantity of U-238 to be re-
processed., Apparently for thls reason, the use of a
ceramlc fuel 18 more profitable as conpared to a metallic
fuel, despite some lowering of the reproduction coeffi-
cient (due to retardation by oxygen nuclel) and increased
enrichment (due to lower uranium nuclear density).

Tests were carried out on the stabllity of reactor
operation, which confirmed the results of preliminary
calculations. The static power coefficlient of reactivity
was measured experimentally and turned out to be negative
with a magnitude on the order of 19°F« (™' (with respect
to sodium temperature at the outlet), Studies in transi-
tion regimes showed the absence of positive components
with very short periods in the dynamic power coefflcient
of reactivity of the reactor. The temperature coeffli-

. clent of reactivity with respect to the scdium temperature
at the intake also turned out to be negative ( 2.,0°F°C™)
As 1s known, the temperature coefficient of resctivity by
itself does not have a very significant effect on the
stablility of reactor cperation, 1inasmuch as this coeffil-
cient involves a rather large lag corresponding:to the
period of the coolant circulation cycle, In the case of
the BR-5 reactor, this period equals approximately 30 sec-
onds, :
Throughout the entire time of reactor operation,

there was not a tingle instance of anycne receliving an
overdosge of radiation despite the fact that maintenance
work had tc be performed both in the active zone and in

the primary contour containing radicactlive sodium. There.
are no sligns of radlcactive contamination in any portion

of the area which houses the reactor, which 1s fully acces-
sible to personnel.

Following over two years of work with the BR-5 reac-
tor and the achievement of positive results in the sclu-
tion of basic technclogical problems involved in the crea-
tion of power-producing fast reactors, ever greater im-
portance 1s assumed by the economlc problems of such
systems, It 1s quite obvious that In order to complle
a concrete program for the industrlal construction of fast
reactors it is necessary to have data about theilr economic
effectiveness, We have to be atle to compare the econo-
mic indices of atomic electrical power stations employing
fast reactors with those of other atomic stations, as well
as electrical power stations of the standard type. Such
comparisons must be carried out both for the near future
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and for more extendsd pericds, taking Lnto gccount increa-
gsed needs fur power, haJ”GS in availatle fuel resources,
and the emergence of various new ways for improving the
technical-eccnomic indices of atvcemic elecrrical power
stations,

Unfortunately, the determinaticn cf the ecorcmic
indices for the functlioning ¢f future industrial atomic
electrical power staticns with sufllclient accuracy is as
yet an extremely c¢ifficult task. First of all, the metn-~
cde of determining these incdices have nct as ye  recsivad
sufficient elaboraticvn. For example, we are not as yet
cocmpletely eclear on such points as asw to properly calcu-
late the costs of nuclear fuel employed in the fuel cycle,
the price of the secondarv nullear fuel, etc, These
questions will apparently be investlgated through ihe
Joint efforts of econumists and specialists in the [ield
of nuclear pcwer producticn. The grezatest aifficulty, how-
ever, 1s the lack of necespary expeceli«nce hizh would nake
it possible to determnine the cost of venstruccling and op-
erating tryplical industirial atomic =2lectrical poewer stationes.
The onliy way to overccome tnls Aiff{iculty is to cleate ex-
perimental industirial installaticns of various types. As
is known, it is precisely uihis principle that lies at the
tasis of the Soviet program on nuclear power production
tcday. A plan for the development of 1ndustrial fast re-
actors of varying outpuf and design has already keen wor-
ked out in eaccordance with thls program,

The eveconomics of atowmlce electrical power stationrs
with cuch reastors Jd2pends consicderavly on thz powsr cut-
rut of the entire ztution, Tnis dependence 1s clcotated
Lot only by the usuai effectis of silze on relative cayjtal
investments and cperating costs, btut llikewise by cerwzin
additicnal factors stemming from pecullarities and pngbi-
cal prcperties of fast reactors. As 18 i'nown, &s the
gize of aay reacter increases, the relative quantity of
neutrons e°caping from the active zone dzcreases, and con-
sequently, the extent of necesaary Tuel enrichment in the
active 2one likewlse drcps off. In the case of industir-
ial power-provducing thermai reaztcrz, however, the affect
of neutron leakage is small and can Le neglectad in prac-
tice. On the othepr hand, in the case of fast reactors,
even ¢f tiae largest size, the erfect cf nzutron leakage
and its variation with differernices in reactor slze turn
out tou be quite mignificant, Fcr this reason, as tre
power ocutput (or size) of & fast reactcr increases, the
cenecentraticn of nuclear fuel 1; reduced significantly.
This results in a conslderable improvement in such econs-
micaily important characteristice as cpezific pcwer (mak-
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ing posaible an adulitional reduction of capital invest-
ments) and extent ol fuel burnout {lowering chemieal
reprocessing costs)., Rough values of fast reactor in-
Cices employing a ceramic nuclear fuel will be found in
Table 3 bLelow.

It should bve nocted that an even greater decrease in
nucicar fuel concentration within the active zone can be
attained by using inert solvents in place of U-233 (re-
ference 5). Some reliance on the use of inert solvents
will only be possible, however, when we can successfully
prove that this will not lead to inordinately large
losses in the reproduction coefficient, As 8 whole, it
might be sald that the economic effectiveness of atcmiz
electrical power stations with fast reactors will increa-
ge more repildly as reactor power increases than wilil
that ¢f eleztrical power stations with thermal reacters
and standard thermal stations.

The possibllity of creacing economically profitable
atowic electrical power stations bvased on fast reactors
is being successfully sonfirmed by the work of the BR-5
reactior. It is exceedingly importent to note the feact
that the BR-5 reactcr was successful in attaining and
r2ijakbly meintaining basic technological indices which
are close to thouse of a typical power-prcducing reactor.
For the sake of comperiason, we have listed below some of
the more important perameters of the BR-5 reactor and an
atomic electrical puwer station with a fest reactor with
a thermal power of 750 megawatts:

BER-5  T50-megavat

' reactor
Energy intensity, kiicwaits/lit€Tesssees 360 €00
Heat tyransfer aggnt teuperature at
reacior Outlet, Cevscosevesoossssscnnse 500 550
Depth of fuel burnoufg%oocooooocooooauooo >4 ~5

Following the constructicn of & semi-industrial or Indus-
trial power-prcducing fast reactor and the accumulation
of sufficient operating experience, we shall be able to
determine the necessary economic data for the compilation
of the concrete program for the future and the clarifica-
tion of the place tc be assumed by fast reactcrs. in the
total program cf nuclear power production development.

It 1s already possible, however, tc cite a number of
serious quallitative arguments in favor of fast reactors.
These arguments render gquite plain the important role and
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econgmic promise of sng  systems,

Flrst of alil, 1t is necessary to note that data con-
cerning the depleticn of standard power resources and
growing power needg for tne {uture leave no doubt as o
the roie of nuclesr power producticn in the indusirizss of
the fyuture, Primary rellance wilil be placed on nuclear
DSileelion techniques, inasmush ags studies Iin the {ield =¥
power prcduction by nuclear fuslon have not emerged frum
the stage of laboratory experimentation (thus rendering
any predictions alcng this line premature).

Of all the recactours being developed at the present
tire, fast recactors have the advuntage of a large repro-
duction coefficient, This advantage is deciglive 3{ the
fuel we intend tc employ ls uranium, The ~uestlion of the
bast tyve of reactcr using €thorium is as yel unscived,
even tucugh here tgo {fast reactors have definite advanta-
ges, And so, fast reactors are the only type of system
which permit the exhaustive utilization of avallalkle
uranium for power-producing needs, For this reason, tlhe
expediency of designing such reasctors is beyond dlspute.

The economic advantage of fast reactors is hased or
a numear of factors, Firat of all, their large reproduc-
tion coefficlent tends to effect a considerable lowering
of' the fuel component in total power producing costs. On
the cther hand, it 13 of course necessary in calculating
the fuel component tc itske into &ccount expenses incurred
throughouvt the fuel 2 cle, A considerable portion of
the fusl component m:y conslst ol expenses for the chemi-
cal reprecessing of {fuel material from the active zone and
reflector,

The chemlcal reprocessing of an lrradiated fuel re-
moved from & fast reactor can be carried out by standard
hydrochemical techniques, The best possioviliitlies in this
case emerge, however, when we consider the use of new and
more advanced methods of chemical reprccessing not invel-
ving the use ¢f water and water sclutlions: pyrochemistry,
electruchemiatiry, ete. These methads are particularly
advantageous when app.iled t¢ fast reactor fuels, since,
in the firat place, the relatively small amounts of mat-
erigl to be reprocessed afford sz greatey possibllity for
designing simple and compact teocnuinical irnstallaticons amd
secondly, because there is a considerial.ie increace in the
permissable quantlities of simultauecusly reprocessed
material (due to the ahsence of a hydrogen retarding agent

It is noteworthy that the application of such methcds
as pyrochemistry and electrochemlistry will make 1t possible
to curtail considerably the time taken up by the ccoling cf
the fucl and the dropoff in 1ts activity. This will lead
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to 8 zherp reduction .1 the total amount of tuzl employed

in the cycle snd & concor.tant reduction in costs. App-
_roximate data on the rclative quantity of fuel employed

in the fuel cycle of an atomic electricel power station
.with a fast reacter {for varicus reprocessing methods) are

given below
Hydrochemistry Pyro«

\elecuroe)
: chamistry
Quantity of fuel in reactor,feccee 100 - 10C
Quantity of fuel retained prior to
chemical reprocessing ,Zsveoececces 100 20
Total quantity of fuel in cyecle,%.. 100 55

The cost of preparing hezt-producing elements like-
wise enters into> the fuel component. In the case of fast
regctors, 4due to the possibility they afford of attaining
deep fuel »urnout as determined by the fast-neutron chain

~reacticn, the quantity of heat-producing elements necess-

~ary ls net great with relation to the energy produced,.

- Consequently, the manufacturing cost in the fuel component
wlll likewise be rather small, In addition to this, fast

- resctors require less uranium, The rate of new nuclear
fuel accumulation in an atomic electrical pcwer station
with a fast reactor, narticularly when new methods of

- chemical reprccessing =re employed, turns out to be extre-
mely high, reaching vilues on the order of 12-15% per

. year. Consequently, the fuel needs of fast reactors will
depend largely on the Znitisl quantity of U-235 or Pu-239
previded,.” Waste uranium can be employed as the nuclear
raw material empleocyed in the reflector as well as in the
active zone.

The zntire concrete program, scale, and schedule for
the construction of fast power-producing reactors, as well
as their economic indices for the near future will be det-
ermined afier work has been compieted on a number of ex-
perimental installations. Even today, however, we can
speak of tne promise such systems hold for us.

Recelved 17 July, 136l
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Pigure 1. Derendence of tae amount of fuel in a cyele cop
the energy intensity 4in the eactive zone of & faat

reactor: M «= total amount of fuel; -= griotnt
of fuel in resotor; m, == amount of flel outside
reactor. ‘

A= PBneray intensity, kilowetts/liter,

Reprocessing and reproduction of fuels Ifox fast reactorss
Dopth of fuel miature burmout, %; ¢

Quentity of reprocessed fuel per 10 kilowatt-hours of
alectricel power, kilograms:

Reduction of reproduction coefficient.
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F;gure 2 [?lgémrihtj thgitudinal eross-section of BR-5
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reastol,

Reloading meschanism

Oontrol and shielding system motors;
Verticadl expsrimentael channels)
Conorete shleliing;
Comnensatirg oylinder;

Thermel column gata valve,
= Thermal coliumu; S
Movable scresn:
Lower reactex tox; '

Devices for remote reloading of samples in loop ohannel;
Beat transfer szent sapgﬁy maing .
Reactor Jaoket; :

Water shielding Lank;

Oentral loop chauaselj

Automatic reguldtion system ocntrol snaft
Feutroa beam chennel gate valve;
Stationary nickel channelj

Aotive 2zonej

Cast iron shielding;

Main reactor tube;

Main councrete shielding;

Rotating plugs in heet~producing asaembly reloading
system;

Heat trensfer egent in main tubej
Protective plug.




Figure 4. Diagram of :»R=5 instellation:

-= Eeactor;

=~ Main clrculatory punmp;

~= Intermedliate heat exchanger;

== Seconde~level zsirculatery pump;

-~ 4ilr heat oXxchanger;

== Steain generator:

-~ Firstecontour cold oxide trap;

== (Cxide indlcator;

-~ Second~contour cold oxide trav;
-= Second-contour oxide indicator;
-=- Flltration systiem recuperator;
== Distalllation pump;

-~ Tank for radioasctlive sodium;

== Tank for Na-X alloy;

== Ceniral lcop channel;

~= Circulaticn pumps of the loop«channel systiem;

w= 0nld trap aund oxide indicator of loop~channel system;

~=~ Dauthermel vaporlzer;

== Danthermal vaper condenser;

== Coo0llng system for regulatory operating mechanisms cf
system and shlelding;

-« Water shileoding tank cooling system;

== Preliminary reactor heating system.

b b e h b = —A\Q O~ W PN
WO N O

N) -
O

NN
N -

98




[}
1

WogQw

puun

) Table 5
Peverdence of fazlereastor charsoterisiies oa thelr
tauarnal powers
Thermal powe., megawatis;
Faricament, %
Specific powsr, kilowaitis/killogram: ,
Quantity of ruprocessed nueleer fuel (U=-235), klloxrams/
100 kilowatt=hours.
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SOME RESULTS AlID PERSPECTIVES OF 1ISOTOPE
AND NUCILEAR RADIATION USE IN INDUSTRY
AND KESEARCH IN THE USSR

.

é?bllowiug 1s the translation of an article

y P, 1. Cruzin in Atomusya Energiva (Atcmic
Energy),_ volume 11, # 4, Getoher iQG1, prs,

379-294.7

The achlevements oI auclear physics are gaining ever
wicer use in the most diverse fields ¢ sclence and tech-~
noicgy. At the pressnt time it 1s difficult to iist even
the most lmportani results onbtained througn the use of
these achievementis. one firngl result of the work of
Soviet scieuatists and euglneers in this area has been the
arcation of 2 new bruach of sclence--appllied nucliear
pnysles whicelh: 1s las=d on such studles as tne use of
stahle and radicactive isotopes, nuclear radist.iona in
incdustyy and scizantiflc research, the utilization cf
avomlc reactors and accelerators of znzrged nucliear parti-
cles 1in research werk as well a3 in the study of the
arffects of lonlizing radietion on the properiles of mater-
lals and technological processes., Tie present articele
describes only some of the results of using isotopes and
nuclear radiations in scieniific studies and industry,

The methcd of "marked atemrs' based on the use of
stable and radioactives isotopes nas gained wile acceptanrce
in physical, chemicsl, geological and cther studies.

This technigue makes it possible lor aclentlists co.obtain
certalin importanc results faster ord with greater accurscy
than do cther matiiods; In addition 1t is {requenily uced
in cases where other technigues cannot be employed., With
the aid c¢f radioactive l1sotopes, it 1ls poasible %o study
the kinetica cf many rapid processes, something which
cannot be done by any oiher means, S

The main distinguishing characteristic cf methods
based on the use of radicactive and stable isotopes as
indicators is their high sensitivity and usefulness in the
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iavestigation of extremely @aull guantivies of material,
Thus, for exanple, wlth the ald of radicactive isotcpes
i¢ 1s possible to determine the percentuge concentration
of phosphnerous, cobalt, and other elemeat admixtucees with
an accuracy of abont (07%ehk.

Isotople tezhniguen lixkewlse make 1t possible to
gtudy the character ¢f udmixiure distributlion in various
materials, conditions operative in the a2ttalirment of a
state of equiliibrium among 2iements in various phusea,
the moollity of atoms In liquid and solid bndéles, to
maintain control over the state of individual links in
metellurgical aggregates, to study the pehavior of varicus
materinls in technclcgzical processes, etc,

Scientists and ladustrial workers must strive to
determine the moat effect trends for the further extensicn
of the pracgtical zpplications of nuclear physics. New
methods and principles for studying, controliing, and
intensifying technclozical processes vzsed on the use of
isctopes and ruclear radia%tion ayc belang developed and
enployed, as & rule, #ith the mogt timely and complex
scientific-technicsl problems in mind.

The wide us of nucliear physiecs mothods in Soviet
incustry begun in the 1940's, A¢ the present time num-
erous enterprises snd scientific research institutes have
created dozens of radiometric labcratories concerned with
fundamontal studies, the elaboration ol methodological
protlems, and researcih on the control and improvement cf
technological processes. Radliozctive isotopes were first
employed under industrial condlitions at the Novarva Tula
Metallurgical Flant and the Kuznetsk Metaliurgical Com-
pine, At the present time, isotepes are celing used suc-
cesfully at such mejor Sovliet enterprises as the Kuznetsk
and Magnitogorsk Metallurgical Combine, the "Azovetal:",
iminli F. E. Dzerzhinskly, Stalinskly, Mskeyevskly, and
imini Ilt'yich Metallurgical Plants, the "Yuzhuralniksl'"
Combine, the Volkhov Aluminum Plant, the Xrivoy Rog Yu-
zhnyy Ore Enrichment Combine (YuGOK), etc., etz,

AL the pregent time, the following major trends in
the use of isctopes and nuclear radiations have vbecome
prominent in sclence and industrey:

1) 3cientific and techrnclogical studies for the
deeper inveatigation or the properties of mat-
erials, the discovery of the mechanisms invol-
ved in various physico-chemlcal processes, the
analysis of edmixture content in pure and extra-
pure materials, the study of atomic displacement
processes, the structure of matter, etc.;

2) Geophysicsl studies in petroleum, gas, ccal, and
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mianeral ore prespecliing ¢nd extraction;

3) Control, regulation, slgnallzation, automation,
and mechanlzation of technological processes;

4) The creaticn of new industrial processes (poly-
merization, sulfochlerination, cxidation,
materials stesilization, electrostatic charge
reroval, e€te.), initiated or intensified by
radiation;

5) Defectoscopy without the destruction of manu-
factured articles.

Let us examine the basic results of certain studles

carried ocut in this field.

1. Prospecting, Surveying, and
Expioitaticn of ﬁsefﬁ§ Oreg

Methods and instruments based on the use of radic-
active isotopes and nuclear radiation are employed in
prospecting, surveying, and extracting petrcleum, gas,
coal, and minerals. Geological organizations under
various sovnarkhozes (Counclls of the Netional Eccnomy)
engaged in the surveying and expleltaticn of petrcleum
and gas deposits through the direct applicaticn of these
methods have investigated millions of linear meters of
both prospecting and exploitatlive bore holes.

In such instances, nuclear rediation and isctopes
are emplcyed for the study of geoiogical bore cross-sec-
tions and control over thelir technical state, as well as
the study and contrel cof varicus processes ccnnected with
the davelopment of petroleum and gas deposits, Recently,
the method of radiometric surveying has come intc its own
in the search for petroleum &nd gas deposits.

The methed of Y-carotage consisting in the measure-
ment of Y{-ray intensiiy of various minerals within the
bore hole 1is employed, a8 a rule, to gain a nore precise
lithological picture of the regicn, An important ad-
vantage of this method, as of other radiometric techni-
quee, cver other geophyslcal methods is the possibility
of carrying out messurements in hore holes reinforced by
metallic tubing. Thia has made it possible in several
areas to obtain new and important data ¢n the goologlicsal
structure of o0ld bores completed prior tc the advent of
gecphysical surveylng methods, or to obtain the same data
for bore holes lacking in geclozical documentation. Y -
carotage dlagrams are suvccessfully employed in determin-
ing atrata to be tested for petroleum &nd gas content.
The regult of such efforts in Azerbaydzhan and the Western
Ukraine has been the renewed exploltaticn of hundreds of
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abandored cere welis which have singce rlelded several
hundre=i thousand tenas o 03l

The method of neutron Y-carotage based on the regis-
tering of the results of interactions between neutrons
anté atoms composing a given mineral statum, just as t(he
metnod ¢f Y-carotage. 18 usually emplcyed in bores dug
for tne vurpese of fluding petroleum or gas, In combclna-
tica with other geophysical methede (electrometry, Y-
.carotage and cavernogrammy), it affcords a considersztle
imprevement in the relliability ol tne interpretaticn of
dlagrams ooth in the demarca’lon cl’ premising svrata con-
talning pretroleun or gas, and in reandering more preci:ce
picturcs of bcre llthology. At the present tlme, abcut
504 of prospecting bores dug with the purpcse of {inding
either petroleum ¢or gas are investigated by the meithcd cf
neutron Y -carctage,

The methcd of neutron-neutron carctage. when the
decteator of a bore instrument registers the intensity ¢f
thermal or super-thermal neuilrons refarded in the sar-
rcunding mineral strate holds out great prolise for tue
quantitative determination of mineral pcrosity. In this
case, the measured effects c¢i super-thermal neutrcn re-
distrivutlion as compared wich the redistrisutlon of ther-
mal) n=suirons 18 considerably less dependent on the miner-
a1l conLent in the strutified water and bore fluid.

It snhould bz neted that a combination of the methods
of neutron-ncutrorn carctege according to thermal neutrcns
and neuiren V-carctage makes 1t possible to rellabtly
determine the petviroleum-water poundary in deposits con-
taining water with & minerai salt concentration of 150
grams/litire and over in tho case of minerai varietles
similar both with respect to porosity and 1lithologinal
compositicn.

The method of ¥-Y.carotace based on measuring the
intensity of dispersed Y-radtation makes it possiblie tc
mairtain survelllance cver varlatiovns in strata density.
For this reascn, Y-Y -carotage iz of great interest poth
in the study of b»ore lithology and in the interpretation
of gravinmestric survey datsa, Thia merthed has received
tne wildest application in the investigation of coal de-
posits, revealing as 1t dees not only the cosl layers,
out thelir thickness and structure a3 well., Studlecs by
the methcd of Y-Y-carotage are being conducted in the
Chelyabir.sk and Pechora (Ccal Basins, the central and
western porticns of tne Doabass, znd the ccal deposits ¢f
the Primor'ye and Lhe Zastemm Ural depcsit, The metnod
is also employed in the Kuznetsk, Karaganda, Fodmoskovnyy,
and Yuzhno-Yakutskiy Basinsg and ctner ccal mining areas
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in the Soviet Union. 4

Whereas ia 1955 the methcd of Y-Y-carotage was used
in surveying only several huadred meters of progpecting
tores, in 1959 the scale of this work exceeded 1,600,000
linear bore meters, )

Radioactive 1isotcpes (usually Zn-55, Fe-59, and 2r-
59} have gained wide aczeptance in the petroleum extrac-
tion industry fcxr controllling the technlcal statz of well
tores and the soluticon of certain protlems in irdustrial
geology having te do with well sinking and exploitation.

Isotopes are used in determining reinfercement column
breakdown polints, water entry points in reinforced bores,
fluid circulation zones e¢xterior to the casing, the helght
of cement rise following cementation, the thickness of the
cement 2szing; they are slso used to osbtain more orecise
measuremsnts of cclumn perforaticn depth, to carry out
gelective perforation of 2- and 3-layer columns, to define
the perforated levels in uncased bores, &nd to eatublisn
the location of intensive absorption of the socolution iu
the process of o011l well sinking.

In a number of petiroleum-bearing regions, the method
of Y-Y-carotage 1s successfully employed to determine
cement rise, casing eccentricity, the guality of cement
distribution beyond the casing, and the depth ¢f the
casing pipe shoe in multi-column bore designs. The
Volzhsko-Uraltskiy Affiliate of the All-Union Geophysical
Methods Sclentliiic Research Institute has developed,
tested and successfully introduced a special instrument
for this purpose--the VJF-1l cementometer.

Radiometric methods are aisc beglinning to find use
in the study of geologlcal bore cross-section in the fleld
of toren, lead, iron, bauxite, copper, and berylium pros-
pecting, &8 well as in the sclution of a number of pro-
blems in mineral geophyaics.

Since 1958, some experimental-methodological work
has been done on the photcneutron carotage methcd in bery-
lium ore prospecting; this technique 1s based on the
(¢, n) reaction. The technique makes it possible for
mining engineers to lccate ail strata containing berylium
of near-industrial quality. In the case of previously-
surveyed deposits, the photoneutron method is an eflfec-
tive means of revision anéd re-evaluation. It can also be
used in prospecting Tor berylium ores.

Also tested under dore c¢onditions was the methed of
induced activity for the location and guantitative evalua-
tion of copper, aluminum, sillcon, cobalt, and manganese
content in mineral ores. The identification of the
aforementioned elements with the aid of other carotage
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techinicues dees net always yleld unambiguous results, A
quantitative evaluation 1s pessible in principle only by
the method of activaticn analysis,

Activation technlgues are also employed in the analy-
sis of mineral ore {(cure) samples, Thelir advantage lies
in “he possibility o nuickly determining the content of
certain elements in cre samples (for example, indium, man-
ganese, aluminum, silicon, vanadlium, et:s.) and the possi-
bility of identifying extremely small quantities of a
number of elements which cannot bte detected by other means.

4 mathod of selective Y-Y-carotage has bHeen develo-
ped fcr copper, lead, and other heavy-~-element prospecting;
in this techniquey the qualltative and quantitative com-
positlion of the elements in which we ares interested is
determined by the intenslity and spectral makeup of the
dispersed Y-radiation.

Experimental work in mineral beres shows that redio-
metric carctage techniques are more effective than other
geophysical methods of bore study. Cne of the more in-
portant tasks of future research in this area 1s that »of
improving radiometric methods and extending thelr poten-
tial in ithe study of mineral bores.

The besic purpose of efforts now underway in the
mining and prospecting fields with regard to isctope app-
lications 1s the expansion of the raw materlials base and
the introduction of new raw materials and fuels into in-
duatry, as well as their increased extraction under safer
and mors healthful conditions, In the coal and mineral
ore incdustries, radlioactive lsotopes may be used chiefly
in instruments of control and autometicn., Studies ang the
reaults of experimental tests in the application of radio-
a2tive isotopes and nuclesr raciaticn in the coal and min-
eral industries have shown the usefulness of both theae
tools in effecting automatic control over coal levels in
bunkers, the detemminztion of proper times for driving in
trough and spout openings, realliziug the proper loading
of charging skips, controlling the presence of coal or ore
on 2 conveyor velt. sorting out pleces of waste material
from churks of coail, counting coal wagons, determining the
percentage content of agsh in cval, suspension densities,
and pulp, studying the mcvement of various gases and fluid
streems, cdetarmining their volume and the gas and water

- permeablility of surrounding minerai varieties,

Work on the creaticn of Y -electron relays in the
Soviet Union was begun in the 1950's, Test prototypes of
such relays were tested at the Kemerovo, Sverdiovsk, and
Chelyabingk sovnarkhozes. Tre "KIP" Factory of the
Khar'kov Sovnarkhoz organized the production of instruments
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of this type for use npecifically In (he mining industry;
tr.ey were callsd the "OR'a" (gamme reizys). One of the
first major industrial enterpriszes to introcduce automation
based on the wide use of V~election relays was the
Southern Ore Enrichment Combin2 of the Drenropetiovak
Sevnarkhcz 1n the UkrAinian SER, which has acecumulated a
sonsideradle rady cf experience in emplcying inatruments
£ tha GE type., At thet time the Combine was suffering
definiie losses having to do with the clogging of spouts
with ore coming out of the rcugh fragmentation mill;
this le¢ to the vearing of tranaport belta and resulted
in cocuniceratle ore losses, The cre aroppirg off the
b2lts recegsitated work stoppagzes and the use of edditio-
nal aan power,

I 1950, the reioading spouias In the rough fragmen-
tation mill were provided with Y-electren relays cf the
OR-1 wype {(figure 1), which resulted in the ccmnlete
¢liminstion c¢f tihe afuremeantioned shorteoming; similar
enquionment was suhseguently installed in 8ll ¢f the re-
loading spouts of tho uediuw &nd fine fraguentation mills
(figuse 2?, thus aegsuriry o conslderavle improvement in
work rhythm and the cemplete eliminaticn of conwveyer telt
cutting due ro spout clogs.

At tine same vime, Y-electron reisye are belug uncd as
gwitcaer in turning on the automatic cre watering systems
at the instant when ine ore is broughi in on the conveyor
velt, Y -relays are also used to regulate medium and
fine rragmentetion mill loading, compietely preventing
mill nareakdown at this poinv. .

lren ores euriched at the YuGCK are characterized by
a fine=-grain structure, For thls reason, the enrizhment
process is preceded by three fraugmentaiion stages, ead
two pulverization processes designed to expose magnetite
grains less than 0.1 millimeters in size,

The roller and ball mills at the enrichment plant are
supplied with ore by a system of conveyors consisting of
two parebolic bunkers of 40,000 ton capacity (each dunker
consiating of 18 sectione). The bunkers are loaded by
two nelf-unlcading driver-operated wagon dollies.

Following fine fragmentetion, the cre is fed by con-
veyor intd the upper portion of ithe enrdchment asystem.
Here the ore streem branches &ff ¢nto Lwe transportars
with dellies wnich unload the ore into that section of the
bunker cver vhich the operator stops the machine. Quite
naturelly, the consideratle depth ¢f the bunker (10 meters)
and the quantity of dust within it complicate the deter-
minaticn of the proper ore level and icad to disorderly

bunker filling.
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The effeclency of the ald mills and gualivy of the
conu-ntrate to a considerable vxtent dopend on the atun-
dardlization of the fragmented ore with respect t¢ ail of
its perameters (slzs, lron contert, etc.). Ore ctan-
dardization 13 carrica out through its crderly lcading
and unlcading intc and from the bunker, Thl3 can be done
only with the aid of an automatic system which will per-
mit the uninterurted feeding ol the bhall and rciler mills
and a kluh coefficient of bLunker filling.

The YuGOX has also installed a system for regulatiag
parabclis bunker loading hased or instruments of tne GR
type. The bunkers are rllled in the shuttlie carrier
stage cf automatlc conveyor operation, The {irst sections
to be fllled are those in which the ore level 1s leis than
L meters. Wnen all s=ctlcns have been loadad up to thls
level, tne bunkerz are aatcmatically fliled un to the 10
meter mark, Thus, t'.e¢ automatlc ounker lcading system
consists of the followiny basic links: 3} middle-aznd
upper-level sensing units in the buuker (4 ana 10 meters,
respectively); 2) [fixed-pouslition sensing units in the
loading bin over each se~tion; 3) a pblock of orerating
relays in the radlatica receiving units; 4) control
panels to indicate secticn fliling, positlon of the load-
ing btin, and system operation; 5 program-sclecting
enquipment.,

The autcniatle. loading bin 1s stcpped over ea:zxhi tunker
section with the aid cof fixed-pcsiticn sensing unitis,

Each such unit consists of a single STS-5H type counter,
The sensing units are positioned aicng the barrier through-
cuc the length of locading bin travel %figure 3). Fach
sensing unit is s0 pcaiticned that each sectlon is lceaded
symmetrically with resneet to the transwvcrse plane, In’
order to achieve uniforn loading, the bin 1s stopped ac
two polnts over each section, resulting 1in the formation
of fcur symmetrically positioned ccnes ¢f orve, 3uch a
svstem makes posalible uniform bunker loading and creates
the necessary conditlions fopr ore standarédization, The
vail mlils are fed through outiets in each sectlon of the
parabolic bunker] the cutlet spouts are powered Ly a coem-
mand electropneumatic device ¢f the KEP-1Z2K type which
turns on the mctors only when a particuiar bunker seci.on
1s fillea #ith orv: 1f there is ne ore in the soction,
the power gupply is cuu off.

Y-clectron relays ars ernployed in the agglomeratlon
plant c¢f the Comblue tn malntaln a layer of protective
material along the convevor helts. The absence of this
material lcads to dlrect contact between the bhelt and a
recidue heated toc 8 temperaturz of approrximately (0Q deg-
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.recs €, which tums througn the foimer, The use cf' -elecs
"tron relays hies made it peossivle to elimlinate such mishaps.
The Soviet Union is presently conducting studles

directad toward the creution of radiometric devices and
‘apparaius which couls he used in selving a number of pru-
‘biems involved in mine atmoaphere contrel. Thus, for
-example, the Central Scientific Regearch lLavcorato:y of the
'State Mire Technical Inspection Service (Gosgorteirradzor)
.0f the R2F3R has developed & pertabls methancretse which
.mukes it possible to detect the precence of hazardous
quantitiees of methene gas in the wmine atmosphere,

2. Metallulgy, Machine Bullding, and Chemistiry

; - Radlomevric methods and devices, zs well as verloun
.radicacstive isotopes and nuclear radliaticn gsources are
‘being employed in the sclution of varipd probzems in metlal-
durgy such as increased metal produectlon and improved
‘metal quallicy, the finding of methcds for lamproving the
strength ¢f metallic structures, developing new metallic
materials, automating uggregaies and processes, and con-
trolling production.

. In ferrous metallurgy, radlometric methods are emplo-
yed to control the movement of materdals in the molten
state, the temperature of fire-resistant linings, snd the
coke and sgglomerate levels and dersities. Studles based
on radivmetris technliques have made it possible for several
‘factories to improve hlast fuimace operation. Positive
rasults have likewlse beer obteined with the use of radio-
active 1sotopes in the search for mcre effeztive techniyues
for pig iron desulphurization vy metallic magnesium and
line-clay slags. Isotopes are employed in studying the
blast box in a cupola furnace.

Radicmetric probing of the blast portion of a furnace
makes 1t possible to maintaln survelllance over the move-
ment. of molten materials (an electrically-powered probe
18 used at the present time). Tae resnlt of tests of a
radiometric installation for controllling blast furnace
loading &t the Factcry iminl ¥, E. Dzerzhinskiy have con-
firmmed the expedlency of using thils type ¢of equipment in
other metallurgical factories. Such a method for cuntrol-
ling loading levels can be employed in the general schermne
of tlas: fum.ace scioking.

Tae efficlency of blagst furnaces to considerable de-
gree depends uron the preparation cf the lron-bearing raw
material, snd cne of the important links in this prucess
invelves conirol over ivun ore enrichment and agglonerate
sintering. The use of redlcactive 1soucpes in this pro-
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eess nas alizo turned ~utl to be efllective. & radicmetar
for determining asglonorate densiiy has been developed et
the Xuuretsk Metallurgical Comblne. Tests on the equir-
ment ™un at the agglomerate plant have chown that the .n-
trcduction of automatic contrel over the degree of aggic-
merats sintering will «ssult in an aspproximate saving of
0.2 million rcuables oop annurn &t the Kuznetslk Combine,

At & aunter of factorlies, radicactive plugs are uaed
1 conurnlling blast furnace lining wear, thus making it
nogsibie to maintain survelllance cvar tne stgte of the
lining vhile the Turnsce is in operatlcn. Wreress seve- .
el years ago sdch projects were undertaken merely for
reseavch purpcses, it the present time both the Kuznetsk
and dagnitogorak Metaliurgical Combines are employing
radiometric methods fo control [ire-resistant linings.

The resulcs of such a2f crts have made it possiblie to effe-~
ot a considerable improvement in the deslgn ol blast fur-
nace resrth clocks and wells, Flgure & ahcws a scheme
for including radicactive lsctopes in the hearth hlcek of
one of the blast furmaces ¢t the Merallurglcal Factury
imini F, &, Dzerzhinskly. The main result of these
efforts has been improved blast furnace 1life and incresased
savings 12 maintenance coste.

In the steel industry, radlcactive lsotopes are most
widely used in operations whose basic alm 1s the imprcve-
ment of technologlcali levels, The resuits c¢f a number of
sucn projects have been introduced into practice and
vielded conslderatle benefits. At the Magnlitogorsk Com-
bine, radicactive jisctopes of iron, sulphur and phospher-
cus were used in the ptudy of slag formation pruvcesses,
whish made 4t pcssidle to gelect the most effective pro-
cedure for loading molten materials into the 380-ton Mar-
ten furnaces, At the Kuzretsk Combine and the "Azovetai'"
Factory, radioactive isotopes were used in tne study cf
steel melting vat hydrolynamics, It turmed out possible
to decrease m2lting time, as a result of wvhich the steel-
producling efficien:r cof the presently available Marten
furmaces increased vy tens of thousands of tons without
additional expenditures. ‘ .

The Kuzneigk Combine, Makeyevskiy Metallurglcal Fac-
tory, and the "Azovstal!" Flant have all werked out radlio-
mei{ric techniques for controlling the wear of fire-resis-
tent Marten furrnace lilulng, thus reducling maintenancs tine.

Cf great Interest are the studles carried out &t the
Kuznetsk Combine and the Stalinskly Metallurgical Plant
on the prcceas of metallic ficw during rclling operatlions,
With this purpose irn mind, meral ingots vere made to in-
¢lude racdioactive zonea by introducliag lsotopes into the
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mold at wvaricus phasc. of metal crystelllizatlon, Tre
method of contact aurcradiography can te uged to determine
the configuration ¢f crystalllizatinn zones in the ingct

and the depth of deformation 2zone propagaticn, as weil as
to determine the pezsullarities of metal fiow in the rclling
process, which 1s important for the rational caliliibration
cf rellers and the finding cf methods tc improve rolled
stock strengtn.,  Figure 5 is an sutoradiogram ol' a raill
cross~secticon obtained by studying the character c¢f metal
deformetion in the rolling process,

Als¢ promising is the uge ¢f radicactive isctopes in
chemlczl laberatories in metallurglical factories for ihe
purn.ae of improving chemicsl anslysis technlques.

Ferrous metallurey factories have introduced many
automation in conirel lrnstruments whose ovcraticn is based
on the uasz cof radicactive isotopes,

At the Faaotory irminl May Day in the city »f Kalinin,
sclentists have worke? gat #nd Introduced a system {or
centrolliag liguid maial levels in seni-sontinucus moldliang
maechline zsrystallizer:. At ths present time, continuous
ste2l pouring devices for smell cross-section stock are
firnding ever wildexr distribtuiion, go thet plisnnlng organi-
zations are already including such lsvelecontroiling ce-
vices Into thelr procese control schemes, Suzh a regu-
Jator iR indispensgaoule in operaticons involving the rnpild
peuring of metals, since the cperatoir has no time to
watcir the metal level in the crystallizer and to ceonirel
it,

AR analagous reguiatory system has been introduced at
ihe seri-zontinucus ply 1ron pipe insvellation at the
Sinarskly Plpe Factory.

Rias developed and tested ls & regulator for control-
iing licuid metal levels in the crystallizers of contiru-
cus steel pouring machines ¢t the conveyor type (URU-G)
which will mare 1t possiblie to complelely automute the
pecuring operation,

Ferrous mstallurgy plants are employing radiometric
gaugas for measuring the thickness of Lot and colid rolleld
astock. The use cf thickness gavgss Lo measure stock
thickness durling the cold rciling procegs lmproves the
quality of tre atcck, increszes 101llnp 3pueds, reduces
stoppares, and ylelds great savings. Thus, on the basls
of imccmplete data, a single 12-1¢11 mill will yleld a
saviag of 70,000 roubles per annum (an extiremely conser-
vative figurve) when furnishec with the new equipment. Im-
portant savings can =284 result from the installation ¢f
thickness gauges in ~.:t shect rolling mills. AL the pre-
serit time, msuch devi:cs are heing installed at the 1zhor-
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sxly Pimnt and the Kuzheusk HMevallurglewl Combine,

Ferrcus metallurgy plants have lstely heen actaching
mach importaace to the method cof Y-defactosaopy, which
makes 1¢ possible to control weldod seums in inaccessiblie
places, as well as under workshop and ansemoly condlitions,
Ia 1952, the {irat Y-control fecticns were ovganized at
tne anetsk and Magnitogorsk Metallurgicsl Combines. At
tae present time, dozeus of factories are using tihis %yre
of equipment t¢ contro. welded sezme in the bottoms of
steel-pouring ladles, tvenks, pipes, blast furnace Jjackets,
etc. Systematic centrel 1s likewlsge msintalned cover the
gquality of boiler maintenance 814 casting work. :

Great percspectives ere belng cpened up in the fleld
of Y -defectosceopy by the use of electrun-oniical trans-
formers which will nmake poszille 2 considerable inprove-
ment la the control of such products as large-dlametenr
welded plpes, ete. Work complested In receunt years nan
yielded results wnich satiafy the baslc demands of ingvs-~
try.

Ia non-ferrous metallurgy, racloaciive isotores are
useco in develoring contircl metnods, stuGying the mechan-

- 1sme and kinetics of varicus process2s, and investizating
the distribution of micros2opic impuriiies in metals and
allcys, ‘

hie use of racdloactive lLsotopes has made 1t possible
In a 3niort time to dereicp and improve technigues for
ovtaining 3 number of .on-ferrcus &nd rere metals 1w a
hAlghly pure ctate, e, racdiocactive isotopes wera ems
plcyed in the development of methcds for obtalaninug aighly-
pure zinc, lead, nlcwel, and other metals; these methods
are presently belng euployed at the "Ukrtsink" and cortain
other factories, '

Studlies have bezn ccompleted and recomuendatlions sub-
mittedl leor improving the technology of electrolytic cop-
per rafining with a minimal contarination of the cathooe
coppes by ncble metals, the electrolytic production of
zinc with a8 high yield rer unit of current consumed, ard
the separation of rheailum and molybdenunm, Radloactive
isotopee have been used to studyv the interactlon ¢l metals
with electrolytes In aluminum electrolysis end co esia-
blish the easons f<r reduced yield per unit of curprent
expenditurc in magnesium electrolysis (at the expense of
the ancde dissolution of tlie pig irou Llock). Me thoas
have been worked out for controlling indlum distribution
in the hydroretallurgical processing of sublimate encrus-
tations ob:tained 1In non-ferrcus metaliurgr plancs,

The use of radiocactive isotopes has made it poasitble
to improve exlisting methods and to work ocut newtechniques
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of ahewival and gp-.tral arnalysis in celecting extromely
small quantities of foreipn metter (zin:, lead, tin, anti-
mony, arsenlc, phosphermus, germanium, gallium, seleniun,
tellurium, nickel, ccbalt, iron, sliver, and & number of
cther metals) in pure metals.

Radicactive l1sntcres have been used egs indicaters in
studying “he mechanism invelved 1n the sintering of clay-
containing furnace charges and the kinetlics of certain
reactions, in the investigation ¢f the distribution of
individual components during the shaft furnace malting.
conversion, electricsal melting and {ire refining ol non-
ferrous metals, as well as in the study of the distribu-
tion of various components in electrolytic processes and
processes involved in obtsining and purifying metalc and
alloys.

Research work involving redicactive 1lsovopes has
yielded significant theoretical and practical data which
make possible a more correct evaluatica of technolegical
processes employed in non-ferrouus metallurgy, better con-~
trol over them, and the determination of ways fer their
improvement.

In the machine building indusiry, radiocactive leotopes
have foundé the widest anplicatlion in the defectoscopy of
metal products, In many fastories the ~defectoscopy
technigue has become an inseparable part of the technolo-
glcal process, It has been introduced at over 100 enter-
prises in our country which are now employing 2000 - de-
fectoscopes, The use of this method in industry ylelds
great savings. Thus, for exarpl2, the Iintroduction of

Y-~defectoscopy at the Taganrog Boller Factory has resul-
ted 4n an annual saving of 22.9 thousgsandi roublies due to
dexreased rejection rates. The Dnepropetrovak Metal
Equipment Factory and the "Russkiy Dizel'" Plant have

shleved savings of 68.6 thousand and 14 thousand roubles,
respectively.

Extensive economies have g8lao resuited from the wide
use of radioactive isotopes in control and autcomation.

In thelr casting operatlons, machine bullding factories
can make use cf many ot the toclsana technlgues worked out
specifizally for the metallurglcal industry,

. There have been a number ¢f suggeations for the intro=-
duction of isctope instruments into die etamping operations
For example, the Mcacow Automoblle Plant iminil Likhachev,
the Physics Institute o the latvian S3SR Academy of Scler-
cen, the Moscow Machine Instrumentetion institute, &nd
the Tallin Control-Measurement Instrumentetion Facucry
developed press locking devices using a 5tront1un&ﬁ?-r&d-
iation source dispeirsed in an enamel coating,
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Fadloactive lsotopes are employed for the study of
material, machine, and mechanlsm wear, making 1t possible
to observe the detericraticn nrocess and the transfer of
metal from one friction surface to another; it can be
uaza to detevmine the axctwal contact arza beiween two ad-
Jacerit surfaces, to study the role cof lubrication in the
friction processa, elc.

A nuniber of sceientiiic research iastitutes have
carried out studies of cutfing instrument wear. The
method of marked atoms is highly sensitlve, requirec 1lit-
tle time, considerably simplifies operations, and makes
possibie a quick selection of proper cutting instrment
material,

Thc use of radicactive isctopee and nuclear radiaticn
considerebly widens the bcundaries cf the practicai pos-~
sibilitlies of chemistry and physical cnemiscry. Studies
of the effects of nuclear radiation on chemical substances
and procegses constlitutes the subject matter of a new
field in cheuical aclence--radiation chemistry. <he thec-
retical pcssiblity of controlling the course of chemiosl
transfomations by means ¢f radlation has now been estsb-
lished ard 1s of great practical importanca.

H.ghly-effective racdiochemical processes (polymeri-
zation, heslation, etc.) which reguire energy expenditures
only for their initiation, can be realized on industirial
scale by using powerful scurces of ionlzing radlation.

The vulcanlzation of rubber by racdiation results in
the formstion of rubber products, including tires, which
differ both in structure and properties from ordinary
rubber gcods, They are characterized by improved dura-
bility, stablility in the presence of high temperatures,
oils, ard chemically aggressive medla, and greater streng-
th under the influence of nurerous deformations, The
Physicel Chemistry Inztitute imlini Karpov and a number of
other c¢rganizations have demcnstrated the possibility of
vulcaniziag rubher by means of radiaclion without the ad-
dition c¢f sulpnur. The resulting rubber has great ther-
mal statility, which is particularly important in the
case of the thilocols. Aleo promising 1s the rmdiatiocon
technlgues for obtalning graft copolymers and the tech-
nique of binding various polymera by radiation.

No less important are the processes of radioactive
halaticn, 1.e., the introduction of chloririe, bromine,
boron, and lcdire atoms into the molecules cf the varicus
sub3tances wnich 1s now widely employed in chemical tech-
nology for the precduction of toxice chemicals.

The radicactive technique cf obtealning hexachlorane
has a number of advantages over the photochemicel techni-
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que,

Nuclear radiaticrs make 1t pecasible to increase the
effectiveness of catalytic processes, Methods are being
worked out for the radiation-thermal cracking of hydro-
carbons for the purpcose of improving end-product ylelds.
Radlation~thermal c¢racking ¢f petroleum and chemical raw-
meterials cen procezd at significantly lower temperatures
than ordinary thermal cracking, and in addition regquires
no catalyst, Considerable savinga can result from such
a promising technique.

The introduction of new types of synthetlic fibres and
rubbers, as well &8 Increased machine speeds in textile
mills and cother industries which handle dlelectric mater~
ials involves the accumulation of guite large electrosta-
tic charges on the material teing treated; these rasult
in high relection rates and are dangerous as fire-and
explosicn-causing agents.

Air ionlzed by radlation becomes electrically conduc-
tive; this 1s 1important for combating electrostatic char-
ges 1n the artificial fibre, textile, motion pilcture, pa-
per, rubbver, printing and certain other industries,

In the chemical Industry, rudicactive 1lsotopes.and
nuclesr radiation are finding wide application in auto-
mation and control devices, Mass-prccduced densitcmeters
are used for the automation of a number of processes; the
automation of control over the concentration of the salty
acid formed through the absorpcion of hydrogen chloride
by water; the regulation c¢f the intermediate lyes and
caustics, the drying «f electrolytic lyes, the regulation
cf gasecus chlorine d:rying processes, ete, -densito-
meters are used to control the mcvement of petroleum pro-
ducts through pipes from one processing stage to another,

The application of radiometric methods as a means of
controlling chemico-technological processes simplifies
the solution of various technical problems and curtaiis
the time necessary for investigating various processes.

The method of radiocactive indicators is being widely
used In tests Involving the evaluation ¢f fuel and lub-
ricating materlials. Studles are belng made of ¢olls and
fuels from the standpcint of their sediment-forming poten-
tial and the mechaniam involved in the effects of admix-
tures on lubricants, Also of practical interest 1is the
- possibility of employing radiocactive indicator methods
under factory con@ltions for evaluating the quality of
lubricents, admixtures, and fuels, as wells as the effec-
tiveness of neutralizing oll admixtures, the lacquer-
forming properties of 01las and admixtures, and their cor-
rosive aggressiveness, Signiflcant advances have like-
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wise besn made in antivavicnal analysiszs methods for minu~
te trac2s of varioais elenents.

Extremely promising ie the use of radlcactive laca-
topes for the purificaticn of industrial gases., By
ionizing waste industriai gases with the &id of radic-
sotivity, it Le possible to creat2 preper condifions for
the ccazulation and subzeguent removel of tiny frastlons
of dust from these gasg2a! tinis In turn will meke it proa-
gibie to mnke practical use of the dust and %o purily the
atrosphere both within the plant and the surrounding pop-
ulated areus, '

o

3,  Reseaprch ia the Field oI Pnysical
and Techirical Seierces,

The significance of utilizing advances in nuzlear
physics in the varicus fields of sclence and techo “oegy
conasdsts mainly in the fact tiiat we have developsd a func-
amentelly new technlique of studying varicue processes
taking place in matter and tiaa propertle: cof matter itselfl.
Thus, naew possibilities have opened up for deeper study
of varions lawe wnich determine the behavior of substances
vnder gifferent conditliona, This in tum: 13 & contri-
buting factor to the accelersition of technical progress.
with reference to the dsvelcpment of & number of scienti-
fioc flelda, the possitility of extenslve use of atomic
reactors and accelerncors for research purpcsses is of
decigsive lIlmportan:ze, Phiysiclets ané technicians now have
gt their Jisposal a whole serles of resz2arch atomic re-
gotors specially dezsigned for varlous speclalized purposes
1in many of the sciantific technlcal centere of our countey
( Mcscow, Leningrad, Kiev, Tbilisi, Teshkent, etc.).

The work acheduies for these reactors iacliude many ilmpor-
tant scientific problems. In varlous flelds of egecience,

tmpsrtant research prcgrams have been and are being car-

ried cut uping radicective and stable lasotopes.

Fadinactive iso+op2s are finding wlde appiication in
the sclution of probiems involving the development of new
types of sceel and alloys, aa well sr the investigation
of the basic lawe of their theimal processing., New data
have been obtained by studyicg the dirfusion, dietribution
of elemencs and intueratomic interaztion in metals and
alioye. '

Difrausioa studicss have yielded results which make 1t
possible to establish serveral laws heving to do wiuh the
jevel of Aiffusive nmobllity ¢f various metals and peri-
pneral 31ffusicon, as well ag donor-acceptor atomic inter-
sctior. in selid solutionu. Of special importence are
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the results having to do wlth the mlerc-distribution of
admixtures and bindlng elements in alleys vased on titan-
jum and zirconium now coming lnto wlde use in the atonic
industry, It has been shown, for example, that the heat
resistance and resistance to corresion of zirzonium ailoys
to a conslderable degree depends on the preseancce of large
conzentrative heterogeneitlies at the sub-boundaries which
arise as a result of interacticns,

The Institute of Metal Itudies and the Fhysles of
Metals under the Central Ferrous Metals Sclentific Re-
search Institute, Moscow State University, ithe Muscow
Steel Instltute, and other sclentific agencles are enga-
ged in studles on the determination of the saturated
vapor of various alloy components. Already studled are
the iron-carbcn, iron-chromium, nlckei-chrumium, etec.

The resulting data on vapor elasticltily have made possible
more comprehensive thermodynamic analysis and a clarifi-
catlon of certain pecullarities of Interatomlic interaction
in solid solutlons. The successful development c¢f these
thermodynamic studles 1s due in large measure ts the
appllcation of radicactive isotopes, which are an impor-
tant experimental tool in this area. The research pro-
gram involves the use of radicactive 1sotopes of iron,
chromium, nickel and many other elements. ,

In the field of radiation physlics, there have been
slgnilicant developments in suzh important fields as the
study of the acticn of nuclear radiation on the proper-
ties of structural and semi-conductor materials, the ine
vestigation of the physical nature of radiation effects,
the study of the mechanism involved in the interaction of
radlation with matter, as well as the radiation treatment
of s30lid vodles for regearches naving to do with the im-
provement of ocur concepts about the mechanism of the ac-
tion of varlous facturs on the properties of s8o0lid hodies
(strength, electrical conductivity, plasticlity, electrical
and magnetic propertles), Such werk 1s now going cn at a
number of sclentific institutlons under the USSR Academy
of Sclences and Republican Acadenles., Date resulting
from the most important of these studies have appeared in
perlodicals and have been presented at internaticnal con-
ferences on the peaceful uces of atomlc energy. They have
promoted the development of atomlc power production and
other imoortant tecihinclogical areas, As a resuit of re-
search carried out oy the USSR Academy of Sclences, we are
now familliar with ceritain individual detalls of processes
taking place in metals during lrradlation. Of practical
interest are data on the effects of metal irradiation by
high-energy particles, as well as analagous studles on
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Cseml-conductors and mezantic aateriels.

Cf great importzrce in 30l1ld srtate physles i3 the

- poasibility of strenginening metals by irradiation, In
this area, the primary vcle is played nct by the practical
“use of radiatlion to strengthen metals, but rather Ly new
"possibliities in the study of the nhysizal properties of
existing high-strength metals.

At the present time, we are familiar with several
: methods of strengthening metale., 1in particular, the
etrergtnh of puremetals and alloys can ve significantly
increased by thermo-mechanical t{rsatment. = According to
- existing concepts, plastic deformation bririgs akbout the
strengthening of metals by giving rise to structural de-
fecte largely in the toundaries of friction between indi-
- vidusal cerystals. T™hdis 1s accompanied by extensive kemmel
fragmentation and a number of other accompanylng pheromena
which compiilcate the study of the mechanisms invslved in
the strengthening and weakening of metals.

Irradiation likewise results in the formation of
defects 1In crystaiine structure which are dilferent,
however, than those arising in plastic deformaticn. Rad-
1ation defects appear under definlte coanditions witihout
any fragmentation of the metallic crystals, and are in
general features comparable to the fine-disperalion produc-
" ts formed in dispersive soclidification. The strengthen-
ing cf metals by irradiation is determined by the fact
that dlslocations experience added resistence to tneir
movenments as a result of intersction with the radiation
Qefects. Attempts have heen made to use these concepts
in explaining such metal properties as variation of the
internal friction lev:l and the elasticity modulus, the
~raising of the viscosity limit, and a number of other ef-

fects characteristic c¢f ‘rradiated bodles. But all of
these assumptions frequently bear an extremely general
character the reason for which lles in the insufficiency
of cur knowledge of the physicel nature of radiation
effects and the mechaniam involved in thelr interaction
with dislocations and other structural defects,

It should be ncted that much data has appearad in
recent yeurs on alterations in solid bodies due to irra-
diatlion, But these data do not aiwvays make it possible
to form 2 clear concepc of the nature of radistion effects
and the mechanism of thelr behevior in solld bodies.

This 18 partly due tc the fact that the irradiation of
metals is usually conducted in complex fields (neutrons,
as well as ddﬁ.»JY"'radiation), and with the use of strong
dogses of radiocactivity. For this reason, studies con-
ducted over the last few years have concentrated on the
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action of small doses of homegeneous radioactivity using
such sensgitive research tools as intemmnal friction.

Sclentists in the Scviet Union obtained the first
comprznensive set of duta on the effect of the prelimin-
ary 1cradiation of austenitic steel by f{ast neutrons on
martensitic vranaformacion.

The Institute for Metal Studies and the Phvaics of
Metals under the Central Farious Fetalsg Scientific Re-
geareh ITustitute in cooperation with the Theoretical and
Experimental Physlics Institute has carried out extensive
gxperimental programs on the study of metals by metallice
alloy neutronography {the study of interatomic interaction,
atorizs crdering in magnetic alloys, structural alterations
under the action «of hlgh pressures, atc.). Figure 7a,b
shows a neutron crystal spectrometer, while Figure 8 cone
tains a dlagram of the set up used in the neuvtroncstmic=
tural analysis prcgram, Research in this axrea hes
served tc confirm that larze monocryscals of 1ron-nickel
alicys grown from the molten mixture, both of the binary
type and those bound by third element, consist ol frag-
ments dlsoriented withh relation to one another in apprcai-
mately the same deglee as the tiles in a moszalc. vVar-~
ious fregments of one and the same monocrystal can differ
from one anoither significantly in the degree of mosalc
character, Resuits obtained in this work are of interest
both tc crystal growth theory and from the standpoint of
improved neutronostructural analysis methods.

Of great significance to the develcpment of new mag-
netic alloys 1s the ztudy of the atomlic ordering in
s0lid solution, By studylng the magnetic portion of
neutron dispersion, dztalled studies were carried out on
atomic orderirg in iron-nickel alloys of the permalloy
class of high magnetlic permeability. Direct data were
obtalined on the existence of 2 superstructure in the
Ni, fe coripound and the effeets of a third element (copper,
chromium, or molybdenum) on that supeirstructure. An
analyz's of the results made Lt possible to render a more
precise dlagram of phise equilibrium in iron-hiclkel alloys
and to draw sn impor ant conclusion abcocut tiie speclal
ferromugnetic nature of the energy of atomic ordevng in
these slloys.

Other systems 1in whi:h stom'e ordering plays an ime-
portant role in thermal processing ara: the iron-cobalt
magnetic alloys whizh are aiso extremely important duz
tc thelr high magnetic saturation, Mecutroncgraphic data
on these alioys made 1t posaible to establish the presen-
ce of an anomaloualy wide conc2ntrative region for the
existence of a superstructure in tha eoulatomic Fefo com=-
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poidier, oo lEdn Lo e eoneiurieon that tranzformaticons

from tioe orcsrad to the disordered state in the iron-cobalt
system arc to ke regsrded ag second-order phase caaunges.
Figure § ig a neutrurogram of an iren-cobalt alloy.

The Central Farrous Metai Sclentific Research Insti-
tu*’ Fas cempleted a theoretlowl study hoving te do witn
a Jeulution of nentroa defraction by austenitic crystals
Convrary to the cpinicn ol cemialn rforelgn scientists, it
ha3 row been proved that it 18 poszible to determine the
position of carbon atoms in the cyystal lattice of austen-
itic steel. The experimental per:cion of the program was
carried cut at the First Atomic Electrical Power Statien
(USSR). The results obtainzd have confirmed the concept

£ the octahedral varient for caroon atom locations in the
austenific cryatels.

In conclusicn, it %uﬁhld be noted that peousgiovilities
for ihe rational ume of Lsotopes and nuclear vadiaticn in
scienca and technology 1re far i{rom exhavatzd, 1L ds
cne of the timely tasks of phyciclsts to fiad new weys of
emn*oy;qg isoctopes In sclent.fic resear:ii ard Indstiy.

It is to be sxpected that new resulus o* fundarer.ca’
sclertlilic and practlcal significarce wlil be cbtatued in
the [feld of applied nuslear phygics in the very acar
Dature,

2eeived 20 July, 19

119




Figure 1, Container with radiation source of ¥ -electron
relay on reloading line (indicated by arrow).
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Frouve 3, Ej- aleswron relzy receivarcs mcunted on rarapoLi
3 A . . N b’ RIRE 1 s L,
hunxer cu2rd rolling, used in centroiling agtomatic
’ . < ’.'

coavever line {indicated Ly ar=od).
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Figure 8, Dlagram of instellatlcen for neutron structural
enalysis.
~= Kecctor tenk walls:
-= gravhite reflector;
~= Concrete shielding:
- Gats valvey
~- Gate valve moitor;
~w Plug with slit collimator;
== Monochrometor crystsl unit;
Lead crystal;
Shieldinz of boronscentaining raterial;
we Szmpla;
«=w Shielding tanks with water;
w= 3teel zate;
== Spectrometer detzcotor:
-+ Detcctor shielding;
Screening box;
~= Spccirometer suprort rall;
-« BElectric motor amd reducer of operating essembly;
-~ Seleyn motor to operate deflection meter remotely;
== Counter-moniter;
== Background level counter;
a == linear pulse smplifiers; bt -~ emplitude discriminators;
¢ == 3naling devices; J -~ mechanical counters (last two ele=-
ments mounted on control ranel).
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A REVIEW OF GOSATCHMIZDAT BOOKS FOR 1960-1961

cllowing is the translation of an unsigned
Series of items in Atomnaya Energiya {Atomic
Enerﬁy), volume 11, # I, October 1951, pps.
Lok-hi5,7

What followa 1s.-a surmvey of publicarions on nuclesar
power production and alllied scientlflc and technical
fields issued by Gosatomizdat in 1960-1961. However, due
to the scientific and practical vaiue of meny of the mat-
erials included in the Proceedings of the Second Inter-
national Conference on the Peaceful Uses of Atowmlc Fnergy,
T@eneva 1958), 1t was decided that these volumes shoul
also be included in the present survey.

The literature considered in the survey is grouped
according to five subject headings: '"Nurlear Physics",
"Nuclear Power Production", "Nuclear Fuels and Materials",
"Protection from Nuclear Radiaticn", and "Radioactive and
Stable Isotopes",

In a few caszes, certain deviations {rom the scheme
have been permitted, Thus, for the readers' convenience,
publications on radiation protection in resctor installa-~
tions have been incluced in the "Nuclear Power Production"
section. At the end of the survey there will be a des-
cription of three popular sclentific works particularly
noteworthy for their comprehensiveness and character of
presentation.

Proceedings of the Second International
Conference on the Peaceful USEs of Atomic
Energy (Geneva 1958),

ote 1: Oosatomizdat is the State Publishing House for

iterature in the Fleld of Atomic Science and Technology.
Its former name was the Publihing House of the Main Ad-
ministration on the Uses of Avomlc Energy under the USSR
Council of Ministers,/

129

e ——————— |



ote it tne Frocesliaps of ths Second Ceneva Conference
consist of a €-voliume set »f papers by Soviet sclentists
and a le-volume set of gelected papers by foreign scien-
tists./

NUCLEAR PHYIICS. Papars on the physics of nuclear
pover prodaction are sollested in volume 1 of the reports
by Scviet Scientists, Nuelear Physics, and Volumes 1 ané 2
of the selectel papers by soviec sciéntists entitled The
Physlcs of Mot Plaema &nd Thermonucleax Reactlons and
Neutron raralcs., The T1rst part CF The voiume Nuclear
PrysTns deals with plasmz physies and the problem of con-
trelled themonuciesar teactions; 1t opens with a survey
repore by Academlclan L, A, friairmovich on research in
this fleld geing on in the Scvist Union, The other papers
centain ths results of studles on high-velitage pulsed dis-
charges., A s2rles of wveporis hag to de with the problenms
cf odlasmz stebility, the ststbilizetlion oI plasma with the
¢id ol retarogenecus magnéetic [lelda, znd the z2orstriction
of plasmas by high-frequency elsctromagnetic flelds. Also
of interest was & paper on plasma radiction in a magnetie
fileld. One of the reports convaing a theorstical analy-
sie of the proovlem of cimple 214 shnock magnetchydrodyna-
mic waves, Much atbterntion 1s deveoted to experimental
methods of studyiny plusma perameters, The zecond part
of the volume ineludes pavcerg on nuclesr physics and cer-
tain orehlems of cnarged particle acceleration: the ini-
tlatz cof operations o the syneirrophasctron, Soviet stu-
dles of cosmlc rays with the aid of rockevs and artificial
earth satelilites, nu:lear heavy-ion resctions, nuclear fis-
glen ssymmotry, neutron radiation capture cross-sections,
cte,

“he volume Hot Plasma Physics and Tnermonuclear Re-
acticns contains both full texus sad summaries of reports,
Bevéral survey reports deal with the develcpment of thermo-
nucleer research in the capitalist countries, Most of the
rapere have to do with the problem of plasma configurs-
tloa stabillity, as well as the theory of plaama heating
with the 31d of electromagnetic fizids and shork waves,
Many peaper: contain detalled descripticns of deviess and
experimantal results con installutions with varicus methods
of plasma heating and capture {toroidal systems, stellara-
tors, magnetic traps, ete.). Several papers include sur-
veys cf measurenment techniques used in siudies on control-
led thermonuciear reactiong in Creat Britain and the US.
The volumzs entltled Neutron Physics is partially com-
posed of wsurvey reports on the Lasic problema of neutron
physics. The papers in this volume can be classified ac-

130




coxding te the follo oy cetugories: nzutica stiucture
and propeyties; cros--sectlions of neutron interaction
with matter, including structural materials employed in
reactors; nuclear fission, fission products and radiation;
resonanze capture; neutron retardation; neutron thermal-
ization; modern metheds and technlques for mzasuring
neutren aross-section, streams and neutron spectra. All
of these categories encompass a large body cf theoretical
and experimental material, -

NUCLEAR PCWER PRODUCTION. This aection includes:
volume 2 of the papers by Soviet sclentiats entitled
Nuclear Reactors end Nuslear Power Production, and volume
Y and § cf reports by forelgn sciéenctista, Nuciear Reactor
Physics, and HNuclear Reactors and Muclear Fower Production |
The Tirst part of volume 2 Qeais with Soviet A&LOMLc DOWED
production: installations, while the seconc¢ descrives ex-
perimental and test reactoras, &8 well ss experiments and
researcn conducted with this equipment for the purpose of
impreving reactors. The third part, largely theoretical,
deals with the problems of reactor physics. It also in-
cludes questions having to do witn reactor design methods,

Veclume 3 consists of three pares. The first covers
experiments on the study of various typeas of resctor grids
88 well as several types of reactors and reactor systems,
The second part deals with the problems of reactorphysics
and quastions relating to theoretical, reactor, neutron,
and mathematical physics. The third part contains des-
criptions of reactor kinetics, fuel cycle calculations,
and reacter safety prohlems,

Volume 4 contain: descriptions of the basic types of
foreign power production reactors and atomic electrical
powsr stations. It also deals wlith the economics of
nuclear power production and nuclear reactor applications
not related to the exrlolitation of chain reactions for
power procuction purpcses,

NUCLEAR FUEL3 AND MATERIALS, This section is made
up of volumes 3 and 4 of the pspers by Soviet scientists
Nuclear T'uels snd Reactor Metals, The Chemistry of Radio-
active Licmentse and Red.ztlion dransformations, and voiumes
5, 6, 7, end 8 ol the aslected foreign papera, The Chemis-
ng,of Racdioactive Elements and Radiation Transfsrmations,

uclear ruels ang neactor Materials, The lechnology ol
Kfomic Hew Ma.erim.is, and The Geology of Atomic Kaw Mat-
erials.

ne first part of volume 3 deals with materials
having to do with the geology, mlinerology, proespecting,
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enrdchitent, and reprocessing of gtomic rew materisls.,

The second part deals with preblems 1n metallurgy, metal

. studies, and technology &8 they rslate both to nuclear
fuels (uranium and its compounds, thorium, plutonium),

and a number of structural materials (zirconium, berylium,
and their alioys). It alsc includes results of studies
on the physicsl and corroalive properties of reactor metsls
and the effects of neutron irradistion on the structure,
properties, and dimens’ounal stabliization of the fuel,
l.e., the results of investigetions of many of the most
impertant problems 1n modern metal studles, '

Voiume U4 of the papers by Soviet scientists covers
modern metnods of reprocessing irradiated nuclear fuels
and contalng results of studles on the chemistry of rauth-
enium, thorium, uranium, plutonium and americium, Alsc
treated are the probvlems involved in radioactive weste
aorption and burisl, Several papers are devoted to ine-
dividual problems in radiation chemigtry,.

The papers in volume 5 of the selected reportes by
forelgn sclentists deal with the prcblems in the chemical
reprocessing of irradiated materlals, analytic control
methods, methods of removing and dlsposing of radicactive
wegtes, ae well as several problemes in the rediation che-
mistry of polymers, gases, water sclutions, snd bnoth
solid and 1liquid organle compounds.,

Volume € includes & nunmber of papers on the metall-
urgy of uraniuvm and its alloys, the metallurgy of niobium
and strictural materials, the metallurgy of uranium,
uranium alloys, and pilutonium, the physical, themmodyna-~
mic, and corresive properties of uranium, plutonium and
the alloys and compounds. Also considered are the pro=-
blems lnvolved in the effects of neutron lrradiation on
nuclear fuels and structural materials, as well as gues-
tions having to do with the technolegy of heat-producing
elemente manufactured.

Voiume 7 includes pelected parers by foreign scien-
tists having to dowtih the technology of atomic raw
materiale., This vclum: has five sections: "The lLeaching
of Uranium and Thorium from Ores and Their Precipitation
from Solutions"; "Sornptive Methods of Extracting Uranium
for Solutions and Pulps"; "Extractive Methods of Removing
Uranium snd Thorium from Solutions and Pulpa"; '"The
Preparation of Pure. Uranium and Thcerium Compounda'; "The
Preparation of Uranium Hexafluoride and its Reduction into
Tetrafluoride",

Volume 8 of the selected reports likewise aontains
five parts. The first haa tc do with genersl problens
in the geclogy, geochenistry and minerology cof uranium and
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thcrium; the second 1s made up of 10 reglonal surveys

of the present state of{ the uranium and thorium resources;
the third contalns descriptlons of individual uranium and
thorium deposits; the fourth covers methods and technlques
for surveying and prospecting for uranium and thoriun;

the fifth deals with berylium and zirconium geology.

RADIORBIOLOGY, Volume 5 of the reports by Soviet
scientists entitled Radiobilolce and Radiation Medicine
deals with four groups ol problems, The T'irst group las
to do with the pecullarities of the blological effects of
ionizing radiation, long-range effects of radiation in
small doses and genetic radiation effects, as well as
geveral problems involved in the treatment of radietion
sickness, The second group of nupers has to dowlth the
use of radioactive 1isotcpes in blologleal and medical
research; the third iz concerned with the application of
atomic energy in-medleclne, The fcurth group 1s made up
of papers dealing witn the ahsorption by solls of certaln
groups of uranium fi::sion products and their gradual
accumulation 1in plants and foed products.,

Volume 9 of the selected papers by foreign scientists
which bears the same tltle as volume 5 ¢f the Soviet
collection contains papers on six toples: the bilclcoglcal
effects of radiation, protection againat 1rradiation;
work hygene at atomlc industrial enterprises; the use of
the method of marked atcms in bicchemistry and physiology:
the anplications of atomlc energy in medicine; radiation
genetlcs,

RADIOACTIVE ANL SUABIE 1SCTOPES. Volume 6 of the
papers by Sovlet scientists opens wlth a paper entitled
The Use of Radloactlive Isotopes in the USSR in which the
author presents a detalled survey cf the present state of
efforts in the use of 1sotopes in the natlonal economy.
Two reports In this volume deal with the protlems of pre-
paring materials for irradiation, the irradiation of
various samples, the reprocessing of irradiated materials,
and the development of methods for remote work in radio-
chemiccl laboratories,

The four follcowing papers hive to do with the appli-
cations of radlo isotopes in industry snd technology.
Filve papers deal with individual problems in dosimetry,
The last eleven reports have to do with various aspects
of the use of radiocactive isctopes and ilonizing radiation
in agriculture, They describe the regults of stuvdles of
photosynthesis with the ald of quantitative radiometric
methods for investigating the conveyance, distribution,
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and tunsformation of certair phrelologlcally active sube
. stances wlthidn the plart, the abserpiiion of phospheraus
. by agricultural plants as detemnined by their resistance
to cold, the use ¢f radicactive lazctopes in the study of
. plant protection, eta,
Volume 10 of sei cted preports by foreign sclentists
- entitled The Phepara: or and Use cf Tsotopes econsists of
. four part3.  The Fl:.t of these has t¢ 40 with several
methods of preparing stanle and radioactive isctores,
technigues fcr gynthesizing marked organic compounds,
radiochemical instsllations for the paoducilon of 1sot0pes
from uranium fission productz, and wethods for preoducirhig
reGloinotopes of high srecific activiiy; the second part
iz devoted to designs for inctallatione and instruments
. enploying radioactive isotores; 4t contains a number cof
C interesting examples of radle isctope application: the
third part ccntains desceripticas of apparatus and metheds
of' registering lonlzing radiation; the fourth encludes
deseriptions of laborsicries and equipment for work witih
racdiocactive materials.

Nuclear Fhysics

. (Muclear Paysics, Neutron Physics, Nucliear Research

Methods).
' ‘The boock Ry P. E. Nemircvskly entitled Modern Models
of the Atomle Wuc1643 (1960, 300 rages), i3 Paséd on a
number ¢f Scviat end icrelgn papers of recent years, in-
civding the &Uuhv”'ﬁ ovn original articles. In &;car~
der:z2 with its title, the ncok covers the fcllowing
torics:  Shell medels: the generxal or collective model

T the nuzleus; and finally, the osptical miclear model
and itz ralation t¢ tie fommer, The book cencludes with
an exaxination of radioactive tiresnaformaticius In the first
twe modela and the apolicatvion of the generalized model
to alphe decay theor. The author has avoided cumber-
some mathematlcal exy-sitlons, and for this reason hise
bocok is agcceptable to a latively lirge nunber ol readera.
The bitliography cf thls intereating bcok aboul low-snergy
nucleax processes contains 300 ctiiles.

N. F, WNelipa's book 2ntitled Introduction %o Muluiple

Scattering Theory, 196C, 159 pages, l: tased on a series

of Tectures presented by the suthcer at the Mcssow Engin-
© eering Physics Institute, Despite the amall size of the
book, the author has succeeded in desceribing methods Tor
solving proulems invoived in the passage of gamma-gquanta
electrons, &nd neutrons through ratter taking multiple
scattering into account,. The book conslders the sources
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of warylng geometrlicgl form ang includes & number of cal-
culated examples,. This work is varticularly timely at
the present time, eapecially in connection with the prac-
tical necessity of celculating and conztructing blologi~
cally protective equipment,

Cf congiderabie interest ie the collectlion of articles
entitled Apparatus Icr Nuclear Spectromatry, 1961, 434
pages, edIgea by 3. &, Rurochkin and V. V. Matveyev, The
first part of the anthology, which containg four articles,
considers spectrometer szensing unlts in mass-precduced
apparatus (sintillation counters, photomultipliers, light
guides)., The seccnd part (seven articles) describes the
electronic apparatus of spectrometers (a non-over regula-
ted linear pulse anmplifier, s precision mean countiing
rate meter, a single-channel spectrometer with a resolving
time of 0.3 microseconds, etc.? ‘The naterials in this
coilection can be used In other flelds of science anc
technology in the design of various types of control and
measuring apparatus.

Special problems in equipment design for nuclear
research in c¢yclotron laboratories are comprehensibly
treated in the book by L., F. Kondrashev and N, N, Khaldin
entitled Equipment for Nuclear Research, 13G1, 148 pages.
This representis 2 generalization ol the work exparience
accumualated by a team oi designera and physicists at the
aycletion laboratory of the Atomle Energy Instltute imini
I. V., Kurchatov under the USSR Academy of Sciences. Tnis
is the first book whica glves sulficlent attention teo :
certain obscure prcblema in the design, conatruction, cal-
libratvion, and operation of special equipment employed in
conjunction with the cyclotron in nuclesr research, as
well as in the adjustment and opsration of the cyclotron
itself, Many elements c¢f the apparatuc describved can he
used in non=cyclotronic laboratories as well,

A ccllection cof articles encitled Neucron Physics,
1961, 371 pages has racently appearsd uncer the editorship
of P, A, Krupchiteki-. It contains originsl articles
by varicus authorg, The four sactions which make up
- this collection deal witi the following prroblems: neutron
retardatiion, resonanze absorption, and diffusion (18
articles); 1ission, fragments, and secondary neutrons

6 articles); interaction of fast neuiron with nuclei

ie articless; and gamma raciation in neutron capture

(4 articles). The bock 1s of great interast both to
theoreticlans and engineering pnysiclsts, particularly
those concerned with thie calculation and degign of reactor
installations,

A recently issued publication of the textbock variety
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for highyr educational anstituticons 15 the Cullecticn ¢f
Problems in atemic Phyvsies oy TI. Ye, Ircdov, 1901, 239
pages, which has already undergone 2 editions. e bock
contains about 830 problems with sufficiently detalled
directions for tahe solution of the more complicated ones.

Anoihsr woer whizh might serve as a text for physics
ané englneering physlcs students 1s Atomlc Physics by M.
Wware and J. Richards, iransiated from the Znglish, 1961,
which repregents an introduction into modern atomic physics.
It deals with the atcmistic concepts of matter, electri-
city, racéiation, the Rutherford and Bohr models of the
atom, the foundations of relativiiy theory, artificial
and natural radicactivity, nuclear reactions, intranuclear
energy, elementary particleas, and cosialc rays, The appen-~
dices contain tables of isotopes, atomic constants, and
other reference material. The authorsz examine the fund-
amental rroblems of atomlc physics withiout amploying aone
plex mathematlcal tools and go along way toward {1lling
the need for a bocock of this type.

Twe other recently translated works on nuclear phy-
sics are V. Davison's Neutron Trarsfer Theory from the
English, 1960, 520 pager, and laovles on Nuc.ear Spectro-
8C0 by A. H, Wapstr, G, I. Nijh; and R. Van Lizhu® Trem
tThe Englisn, 1960. 173 pages. The book by V. Davison 1is
the world's first monogravn giving a full presentation cf
modern foreign mathematical techniques for sclving pro-
blems involving neutron dispersicn in varicgus media. Some
techniques are descrived in the book for tne first time.
Translation editor G, I, Marchuk has included a bitlis-
grephy, sotnctes, and an aprendix giving the fullest
poesible information abcut Bcviet research in the same
field possible in a first edition. The pook of tables
on nuziear srectroscopy was intended by the authors to be
a brief handbook on - ,f;ewd Y- spectroscopy, for this rea-
son most of the data are presented in the fomm of graphs
and tabvles. Brief annctaticns facillitate the uge of
this reference work. The first pert of the book contalins
gereral mathematical tables; etomic constants, and a des- |
aription of methods ror processing experimental results;
the latter part contalan spactrometer calibretlon stand-
ards., Tre handbook likewlse contains theoretical infor-
mation. Of speciel intvereat are the chapters on nuclrar
models and angular distributions and curelations,

A special place among hocks on nuclear physics ia
occupied by the work of T, 4. Yampol'skly catltled The
Neutrons of Atomic Explosions, 1961, 130 pages, and tau
ook (peration "Argus™, from the English, 1950, 117 pages.
The {178t of theae deacribes the physical plecture of prc-
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ceasep avising as 2z result ¢f neutrons precuced in an
atonlc explesion, After an introductory exposion of the
foundations of neutron physics, the author discusses the
~spatial distribution of neutron following aerial and
ground explosicns, the role of lagging ncutrons, -ragd-
iatlon from neutron capture by ailr, ground actlvation,

and residual radiation from fission fragments. Tne final
chapter discusses problems 1in explosive neutron dosimetry.

Operation "Argus" was the name given to an experi-
ment carried out in the US in the latter part of 1958 in
crdexr toc study the behavier of elactrons arisi as a
result of atomic explosione at an altlitude of 4&0 kilo-
meters in the earth's magnetic fileld, The explosions
led to the formation of an artificlal electron belt around
the earth, which in turn gave rise to such effects as
aurorze borealis, radiowave distortion, ete, Chagervations
cf the electrons introduced into the ezrth's magnetic
fleld were carried out with the ald of artificial satell-
ites and rocket probes sent up to an altitude of 500 kilo-
metars, The book Operation "Argus" contains papers pre-
gented at & special symposium held in 1958 on the effects
of artificial radiaticn at high altitudes. The material
included in this boolr is of theoretical and practical
value to many flelds of science and tecnnolozy.

The nopular scientiflic work by M, A, Bak and Yu, F.
Romanov entitled The Neutron, 1960, 82 pages, nmakes it
possible fer a wide circle of readers to get acquainted
with the discovery and basic properties of the neutiron,
The vook convinces the reader that the neutron is actually
an. luportant component part of all nuclei snd that it was
this particle which was rcsponsible for the rapid growth
¢f nuclear physics, The neutron plays a decisive role
in muclear fission chain reactions and in the liberation
of intranuclear energy on an industrial scale.

O0f the recently-translated popular scientific works
on nuclear physics, the met interesting is Atomlc Age
Physics by G. Semat and G. White, 1961, 205 pages. The

ook was written in connection with & popula® course of
lectures presented to a very wide audience cver US tele-
vision., The first helf oif the bock deals with the atom
and 1ts structure, the properties of atomic particles,
and the history cf theilr discovery, The second half con-
tains a detailed description of the history of the dis-
covery of the atomic nucleus. A number of chapters deal
with natural radiocactivity, radloactive disintegration,
the splitting of the nucleus, particularly with the aid of
charged particle accelerators. ° The final chapters des-
cribe the latest advances in nuclear physics having to do
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vithy trne llbevation of L-Trénaslear erergy through i'ise
sion &nd fusion. Th:e¢ book makes 1t easy for the recder
to acquaint himgelf with the history and developmeat of
atomic and nuclear sclence, It wiil be useful to the
readzr regardlese o the level of his famlllarity with
this rield of salen:ze, '

rsaentially the same subjects are dealt with in tha
boolits by W, Braubeck Measurement Methods in Nuclear Phy-
sicu, translated from the German, 1300, 37 pages and J.
Sharp The Measurement of Nuclear Radiation, from the
Ernglish, 1961, 7€ pages.  Both books &re based cn series
of populas erticles published in the pericdicales Atomker-
nenergle (Muclear Eaergy) and Nuclear Enzineering, Tha v
Eooks g

Tve & brief but comprehensive &ccount of methods
used in aeasuring maclear radiation, The pcpulsr
scientiflec work by J. Jones, J, Rotblatt, and J, Wirrew,
Atomz and the Univewrse, frcm the English, 1951, scquaints
The veader with the rocundations of nuclzar physica andé

its application to preblems having to do with the niruc-
ture of the universe. Tine firat chapters contaln 8 his-
tory ¢t the dlscovery end propartles of alementary psrti-
cles, the splitting of the atnm and the problem cof using
intranuclear energy, nuclear reactions ian the sters and
sun, and ~oemi:z rays. The authors then describe the pro-
perties o matter accepted in olassical and modern physics
g8 baged on reiativirty aad quantum theorgy. A consicdepr-
ebtle porticn of thae ook deeals with the solar system, the
generation of energy wltiiin the sun, the chewical compo-
sition of the pienets, the Milky Way, aand & discussion of
the 3lze and age of the universe. The book is highly
readable and accessibie te wide reader circles,

THE PEYSICS CF HOT PLASMA AND CONTROLLED THERMONUC-
LEAR RFACTIONS. In recent years, in ccnnection with the
problem of controlled thermonuclear reactions there hes
been a considerable development of plasma studies, This
in turr. has led to the appearance of booka dealirg with
the theory, creation, 2nd use of plasmsa both in relation
to the abhove problem and cother I'ields of sclence and tech-
nology.

The hock by Vv, P, 8Silin, and A. A. Rukhadze eatitled .
The Electromagznetic Properties of Pilasm2 and Plasma-like
Media, 19C1, 200 pages 1s based on theoretical ccnceptls
about media with a spatial ciapersion of dielectric per-
meability (Chspter 1?.- In the next two chapters tue
authors preseat a theoretical description of the proper-
ties of ismotropic and aniasotroplc piasma, In the finsal
chapters, there is a genmrallized presentation of tne ef-
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fects ol spatlal dispersion cn certain pnencmena in metals
and an linvestigation of the dielectric permeabllity of
molecular crystals. The Look glves a syctematic account
of a large number of Soviet and foreign achievements (the
bibliography contains 285 titles) and is intended for §
specializing physlecists and engineering physics students,

Also theoretical in its scope is the book by D, L. ‘
Synge entitled Relativiatic @as, from the English, 1960,
139 pages. This book might be called an introduction
into the kinetic theory of a gas whose particles have
veloclties comparable to that of light, Such & gas re-
presents the limiting case of & hot plasma. The exami-
nation of a relativistic gas is also interesting in con-
necticn with the ides o & photenic recket for space
flight purposes. The expcsiticn is based on classical
concepts, without the use of guantum mechanics, and rests
on the geometric interpretation of the special theory of
relativity.

The book by S. Brown Elementa Processes in das
Discharge Plasmas, from the EngIIsg, 1961, deals with
probleas ol great interest to plasma research. The book
is based cn a series of lectures presented at the Massa-
chusetts Institute of Technology and technical reports
subnitted to the Electronlicecs Research laboratory. 1In
scope the book is very similar to other works on gas
discharges, although it does contain an unusually iarge
number of figures and tables included largely in the chap-
ters dealing with transverse cross-sections, elastic col-~
lisicns, recharging, and diffusion. A

Many of the important concepts presently employed in
plasma research are borrowed from cosmic electrodynamics.
The foundatlons of plasma physics as applied to cosmic
phencmena are presented in Space Electrcdynamics by J,
Danjey, from the English, 1 , 205 paget, 1ts contents
are tased on results obtained by the British school of
astrophysicists, This work is intended for the advanced
reader whc will find in it a new and interesting exposi-
tion of many famous problems,

Project Sherwood b, A. 8. Bishop (1960, 175 pages)
deschEEg‘research car:.ed out in the US on the prcblem
of centrelled thermonuciear fusion over the years 1951-
1958. The presentation is largely chronological and is
intended for readers with little technical knowledge., It
is accompanied by & brief account of the operating prin-
ciples of various experimental setups. The book gilves
a clear acocount of research trends within the "Project
Sherwood" program and on the difficulties of realizing
certain ideas experimentally,
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A wids cirele of nonspeclalist reacers interested in
the problem of controlled nuclear reactions will welccme
a book entitled Plasma-~-the Fourth State of Matter by D,
A, Frank-Kamenetskly, 19€1, 152 pages, Although this
work 1s intended for engineers and technlelans, it is in
every way accessible to readers with a secondary education,
The basic mathematlcal apparatus in the Look is elementary, .
with the more difficult passages intended for the quali-
fied reader set off in small print.

THE PHYSICS OF CHARGED PARTICLE ACCELERATION. There
are four books on this subject, two 2f them of a populsr
sclentific natures

The Betatron, an Inductive Electron Acceleretor by
L. M., "ARnan'yev, A, A, Vorob'yev and B, 1. Gorbunov, 1961,
351 pages 1s based on the results of both foreign and
Soviet research. The authors have had a great cdeal of
experience in working wilth betatrons, Thelir book deals
with the following subjects: the theory of electron mo-
ticn, the electromagnet and its feeder circuit, the vacuum
system, injJection schemes, beam extraction from the cham-
ber, adjusting elements, protection arainst radiation.

The book 1s 8lso useful for thzs case it makes in favor of
betatrorg of up te 30 wev in energy for various practical
purposes (defectoscopy, medicine, chemistry, etc.).

The collection of articles enticled Accelerators,
1660, 124 pages, includes a number of artlcles on charged
particle accelerators. 3ome of the articles are devoted
to a deseription ¢f a ferrite varistor for adapting the
cyclotron te the phasotron acceleration range; other
papers have to do wiih a c¢cyclotron with & periodic magnetic
field for accelerating multiply-charged ions, and a new.
acheme of beam extraction from the phasotron, etc, The
rest of the articles have to do with problems involved in
electron accelerators: a six-mev linear accelerator with
& constant phase yelocity; the dynamics and grouping of
particles in linear accelerators; beam extraction from a
betatren; &nd finally, the proYlem ¢of electron accumula-
tion in acecelerators.

Despite the emergence of new types of accelerators,
electrostazic accelerators of charged particles and the
cyclotron are the most wldely used instruments in nuclear
. research and various 2lilied practlcal flelds, The
scientific popuier bocks by B, M, Gokhberg and G, B, Yan'kov
Electrostatic Charged Particle Accelerators, 1961, 51 pages
and N. D, Fedorov, The Gyclotron A Cyciical Resonant Icn
Aeceierator, 1960, B3 pages describs the operating princi-
plea, hlstory, and subseqguent development of these acceler-
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atore whicn Tirst came inio thelr cwa several decades ago,

Mucliear Power Production

Baol:s on this subject may be divided into three
groups: 1) vreferenca works of & general character, 2)
booke having e do with the problemg of ruelear recctor
physies (including reactor tieory end design and the
phyeies of radiation protection), and 3) books dealing
with the technclogy and thermctechnolosy of reactor design
and expicitacion. '

Referenne wWorks. Trhese publications are intended
for wids edipcles of spacialists intereated in the problems
of nuclear power proGuction und allied sclenfific and
C technica) fields; they contaln data which can be ured
directly in their delly work. Amoug auch publicaticns
ave the following: A Handbook of Nuclear Phy=ics Conslants
for Reactor Design (EY L. 7. Gecrdeyev, H., A, Pardashév,
ant L. ¥ WMalyshev), 1960, 280 pages; A Briel Handbook
for the hngineering Physicist (compiled B¥ N, D, Hedcrov),

BN, 597 pages;  Dosimetry and Radiation Protection (by
R, Fgery, from the German, 1901, 2.0 pagee; A Haaatook of
wacer-0ooled Nuclear Reactor Corroslon and Wear, <rom the
m‘mm- eaI tea Ey E. . og . ga iﬁIBOV, » rages; Power
Procueing Reactors in ihe US, from the English, editeT Ty
M. 1, Minasnin, 1900, 30 pages, :

The first handbook contains basie experimental dats
processed and preserited in a form convenlent for practical
use, The firet and second chapters inciude data on neu-
tron eross-3ections in the thermal energy renge, as well
A seconding to resonance level peresmelers. The third
chepter ineludes experimerital data cn inelastic scattering
and transport cross-seztions, The fourth and fifth caan-
ters contein data on fast and intermediate neutroas, as
well as fission preduct ylelds and energlies. The Appendix
describes practisal methods for using the ahove Infcrmation

The handboock for the engineerirg nhysicist is of &
more general character and iz classified as a work on re-
actor A2uign by viirtue of the fact thav mest of fts mat-
erial haa to do with reactor physlics and technclogy. A
specialist in reagtcor design 411l Jind In 1t that basis
information which re wost ofren requires in uis dally
work. At the same iire, tiie book presente sufficiently
details material on scaelerater technology, thermonuclear
reactions, nucleaw physics, the geology of atomis Iew
materiaix, isotopes, radistion medicine and hiology, and
other problens, :
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T™:e bLook Ly R. Eger conitiins reference uaterial on
radiation protection. I{ concains bagic physlcel const-
ants, concepts, and d=f{initions having te do with the
problems of dosimefry and radlation protection. it like-~
wise has tables, formular, and graphs necessayry for prac-
tical safety calculaticnu,

The handbook ~n corrosion and wear was written by a
group of american specklists. Its value rescs in the fact
that 1t contalns a iarge body of factual material rela-
ting to the 1important problem of corrosicn and wear of
materials employed in the interior poriiong ol water-cool-
ed reactors. The first part of this woik contains an
examination of the structure of a nuclear power producticn
inatellation, general data on corroasion and wear, criteria
for materisl selecticn, as well as a consideration cof pro-
blems involved in water technology. The second part con-
tains a description of methods for testing materiais for
resistance to corrosicon and wear, along with tabulated
experimental data. The third part has to do with specilal .
wear and corrosicn problems as they relate to material
selection and the cholce cf apprepriate nuclear reactor
designs, _

The handbock on nuclear power prcduction reacfors in
the US was 1issued by the US Atomic Energy Commission, It
repressnts a compendium of technical data on 10 major
nuclear power producing installations elther already
operating or being designed and constructed in the US,
Each section includes a bLirief deseription of the reactor
type, its design, svecial features, auxiliary and contrl
systems, as well as cdetalled tabulated date on the reacsor
and 1tz various systens, A considerable number of draw-
ings illustrate the ogeration of each reactor described.

PUBLICATIONS ON NUCLEFAR REACTOR PHYSICS. Five bools

belong under this heading.

© The collectlion ¢f articles by Soviet authors entitled
An Investigatlion of t(he Critical Perameters of Reactor
Systems, . s 440 peges contalns orlginal articles hev-
Ing To do mainly with theoretical calculaticaus of neutron
streams and critical perameters. (masses ard volumes) in
various reactor aystems of the feollowing types: uraniuwn-
graphite, uranium-berylium, and water mixtures of uranium
and plutonium, The cocllection includes graphs and tables
which establish the dependence ¢f critical perameters on
the relative concentration and character of the filssion-
able materlial and retarding agent employed, as well as on
fuel enrichment over & wide range of neutron energy spec-
tm.
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inlemmediste Reac'or Pnygica, edlted by J. Sien,
from The Engiisn, 1561, €20 teges, deals with proolems
which have not as yet received syatematic covcrage in

Soviet literature. Whit we refer Lo is & apecili
hranch of reactor design (reactors with an *ﬂtermeu,ato
neutrsn spectrum), The book In questisn goces a long way

ucaard f11ling tae present need for such & work., Although
the scope of the ook ls restricted to an Invermedlsate
regctor withh &2 berylium retarder ané sodium heat tranafer
agent, wany of the theoretlical and experdmental.methods
descrived are of a genersl character and may be useful to
apecialists working with cother types of reactors.

The book by T. Cachan and M, Causy entiiled The
: ggyaics end Calculstion of Nuclear Reanters, from the

Pench, 1001, 392 DBEEe3, 18 Lne firet voium? in a three-
volume set of text: on nuclear technology. It containsg
an examination of the foundaticans of atomlc and nnclear
payslea, & treatment of the phenomencn of radicactivity
~and the properties of nuclear radlation as well as nuclear
fission rrocesses &nd chain reactlons, Some censldera-
tion 1s glven t¢ the stationary theory and dynamics of
rzactors, as well &s methods for calsulating homogeneous
and varlicus types cf heterdgeneous reactors. The text
is illusirated by meny numerical examplies and characters
istics of operasting reactors.

Nuclear Reactor Contrel, by J. Bowen and E, Melsters,
from The Englisn, 41Gol, 9o pages, desls wlth the proolesm
of regleting uranium-graphite gas-~conled reoactors which
nave reeched thelr mest edvanced stage ir Fngland., It

includes a deccrintion of the operation and caleculation of
reactse control systems eand the necessary equipment,
There ie likewiae & treatment of the effects of radiation,
reactivity, and velosicy of the heat transfer agent on

the functioning reector, Alsc covered is the problem of
reactor stability in intermediats regimes, There s a
listing of criteria for spparatus and contrel systems,
with a brlef description of irnstruments for measuring
neutron flow,

In his book entitled The Foundations of Reacuor
3hielding, 1961, 344 pages, C. GoiaBtein concentrates hls
attention on & discussion of fundamental reseerch in the
field of reantor shielding. In thils respect 1t is uni-
que among hooks on this subject translated into Ruasian
which as a rule deal mainly with research results and
recommenidations on the application of these results in
engineering calculetions,

The book gives a detalied description or equipment
egpecially designed for geneiral experiments on shilelding
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g woll Lo tnl esui.s o thofe exparimants, and methods
itor ce&loulatving the pagz.ge of gemma reys and neutronse
through thick lajyers ¢f naterial.

PUBLICATIONS ON THT TECHNCLOGY AND THERMAL TECSHNOLCUY CF

MUCLEAR DEACTORS, g grouns Includes 3 bouks - 5 on
teciancicgy and 3 on wrermal technolopy.
beeks on nuclear reactor technology. One cf %he

major problems in power reactor dealgn is the corrosion of
rataprialas In reactors with water as the hest transfer
eganu, The correct sclution of water reglime protlema for
rucilear power instailstlons 13 impoussible witnout a kncu-~
ledge of corrosive nreocesses taklng place at algn tempera-
tures and preasures. The collection of artlcles entitled
The Corrosion of Reactor Materials, 1960, 284 peges, edi-
ted by V. V. Acraatnov defarives methods for acrrosion

gnd electrotechnical rezeorch, examines the eflfects cf
water composlition o the corrosicon of stmuctural materials,
and discusses varlous formms of correugion; eorrosglicen under
stress, Intercrystaliine corrssion, and the corresicn of
reactor materialis, The beeck containg a large number of
exnerimental data which can be used &g a reference source,

D. Hoysingtonts Foundatlons of RNucliear Technolo
from the English, 1961, 305 pages, desla witn basic con-
cepts of material structure and the problems of utilizing
stomic energy. Starting out with a very brier exposition
¢f besi: physical eoncepts, the auther gradually acquain,s
the reader with the siructure of matter, the properties uf
atoms and nucleil, natwral and artificlal nuclear trans-
formations, etc. Much attention is devoted to prospectis
for the development cf nuclear power production, radiocac-
tiva shieldling problems, and apparatus for measuriag
radiation, From che styllistic standpoint the book
should be accesslble to a large nunber of readers without
spacialized preparation.

The bock by H. Crouch, Marins Nuclear Fower Installa-
tions, from the English, 1967, examInes the basic proulams
encountered in nuclear power sdstem design, Tr.e autho,
examines the special characteristies of such installations,
their ezoncmics, and describes the posciovle types of rnu-
clear fuel glong with methad Tor the nuzlear physica) and
thermophyslical caleulations of the zctive zone, He then
proceeds to evaluate the capaviliities of the various types
of nuclear reactora with reference to marine pcwer pro-
ducticon., Much attention is devoted to the problems of
safety abcard atomlic powered vessels,

Methcde for finding optimal values of design variasbles
in nuclear power production systems tc assure the lowest
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~possible costs for alectricity producecd at atomic instal-

lations are describsd in P, Margen's The Choice of Optimal
 Varlables in Reactor Deslgn, from the Eng I, 101
. pages, The material included applies to uraniumugraphite
- reactcrs with gas cooling systems, Many of the technli-
. ques examined can b2 applied to other types of reactors,
. hewever, It might be =21d that the book reprasents a
- rirst attempt to present a comprenhensive soluticen to com-
. plex optimization problems in nuclear power production.

- One of the most important problems in the coperation

of nuclear reactors is the contrecl of reactor radiation.
" The buok by M, Gausy and T. Cachan entitled Nuglear Resc-
tor Control, from the French, 1961, 174 pages gives a
detalied description of apparatus for controlling radiation
and reactor regulation.  Speclal sttention is devoted to
. the blologlcal hazards of resctor cperation and shielding
. methads,

Books on the thermal technology of nuclear reactors,
Thermoenergetics of Nuclear Installaticns by B, V., Petunin
- 1860, 232 pages conteéins information on nuclear reactors,
and the calculation and design of nuclear pcwer installa-
tiona with steam and gas tubine energy cycles, Also con-
- 8idered are the characterlistics of heat transfer egents
presently employed, and the technological schemes of the
- most Cyplcal present-day atomic electrical power stations,
Alsc included are data necessary for calculating and de-

- signing heat-exchange apparatus and steam generators for
atomlic electrical power stations.

Basic information on thermodynamics and heat transfer
necessary for the deslgn and calculation of heat removal
procesgses {rom nuclear reactors and the transformation of
heat into other forms of energy are described in Applied
Thermodynamles and Heat Transfer, by I. I, Novikov an
K. D. ﬁgsﬁreeeneEIy, 1361, 558 pages, Like the other
books in this group, this book is useful not only to
specialists in the fleld, but also to undergraduate and
graduate atudents in higher educational institutions.

The problems of heat production in nuclear reactors
and methods of removing and usefully utilizing reactor
heat are dealt with ia Heat Ilemoval and Transformstion In
Nuclear Reactors, Ly R. Alamigé and P, ageron, rrom the
¥rench, 1954. One excellent feature of this work 1s the
1nc1uaion of a large number of examples of the calculation
of heat remnval and utilization, as well as its extremely
succinet and systematic style of presentation.

Nuslear Puels and Materials
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NUCLEAR GEOLOQI, This section includes bocks both
on geology and geophiyeles.

Uranium Provinces, by M, M, Konstantinov &nd Ye. ¥a,
Kuliikova, 1500, 300 pages. constitutes the most exhaustive
compendium tc the present time of dateé on the geology of
uragium provinces and depcalts in foreign countries, It
includes & bivliography covering almost all publications
on uranium geology published through 1958, a3 well as a
map ¢f the main ore provinces and uranium deposits in the
capitalist countries constructed on the basis of tectonilc
The rirst chapter gives a general idea about uranium
provinces &and thelr position in the earthi's metallogenic
schene, the peculiarities cof provinces in variocus geotec-
tonic structures, as well as the epochs of endogenic and
exogenic uranium accumulaticn in the eartht's cwust. The
- authors express a nunber of new and guite original sup~
positions of which the moct interesting has to do with the
predominant loeation of urenium ores in pre-Cambrian .
shields at the contact zones between Proterozoic folded
belts and more ancient Archean masses, . Chapters 1I-VIil
are devoted to a degceripilon of uranium provinces and
deposits according o separate regions and continents,
They include gecloglcal and metallogenic characteristios,
as well as geotectonic anslyses of the territories in
gueation. The inclusion cof such general geolcoglizal and
metallogenic information tavorably dlatinguishes this
work from earlier publlications on the same subjesot by R.
Nayninger, M. Rubo, V, Domerev, V. Kheynrikh, etec.
Chapter VIII likewise contains some information on the
uranium industrial hase oi the capitalist countries gnd
the dynaumlcs of its development, ,

In present day lilterature, very little attention is
devoted to prospecting, surveying, and testing of uranium
deposita, This lack is to a considerable extent filled
by D. Ya. Shrazhskiy's Methods for Uranium Deposit Pros-
pecting and Surve¥1n%, TGo0, 250 pages. Thls LoOK rep-
resents a methodologica ™ handbook on uranium prospecting
and surveying.

Its firat section containe a general deascripticn of
the types of industrial uranium deposits &nd basic criter-
ia for prospectors., The second part describes prospects
ing methods according to radlation, gas, and salt aureolae.
The "radistion" methods include aerial, ground, and sub-
terranean photography. - The only emanation method des~
cribed is a rapid redon photogrephy techinique. The third
segtion covers preliminary and detailed survey methods and
calculations of the amount of uranium in the deposit, The
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concluding chapter of thls section liste basie criteria
for the industrial evaluation of uranium deposits &s well
as certalin speclal technliques for evaluating their rich-
nees.,

The geological-geophysical gervicing of uranium mines
is charzcterized hy a number ¢f apeciflic psculiarities,
Methods for the Geclogical-Ceophysical Servicinzg of Uren-
ium Mines, by G. i. recrov, M. v. Kuternkov, 1. M. Tenen-
baum, and L. S, Yevsereva, 1060, 217 puges represzents an
attempt to cover a complex of geologlcal-geophysical and
hydregeciogleal measuires, The book includes a brief mor-
pheloglical and racdiclogical description of uranium depc-
aits, It also covers prospecting and surveying systems
employed 1in uranium mines, methods of geclogical-gecphy-
sical mire documentation, sample taking methak, probvlems
haviag tc do with the scorting, enrichment, ané melting cf .
ores, instructions for keeping loss and depietion recordas,
as well as the participation ¢f mine geclogists in the
pianning of mine explolitation work. The last chapter is
devotad to the hydrogeclogical servicing of mines; it
describes the varlous types of mine flcoding, methods of
combating water, petroleum, and gss in ore-bearing sctrata,
as well as engineering-geological, hydrogeological and
radiohydrogeologlcal observatioas in uranium mines.

The toolk by Ts. R, Ambartsumyan, G, I. Basalcva,

S. A, Gerzhevekaya, N, G, Nazarenko, and R, P, Khodzhayeva,
Thermal Studies on Uranlum and Urenium-Containing Minerals,
I0ET, 148 pages aystéematizes and generallzes Tac%uaI daca
obtained from themoanalytic studies of uranium ané uran-
ium~contalining minerals. The bock contains standard
heating and dehyd:ratlon curves, as well as data resulting
frem studies of changes in the physico-chemical proper-
ties of minerals obtained with the aild cof crystallo-opti-
cal, rocentgencmetric, microchemical, and luminescent ansl-
ysis. The minerals are described on the basis of A. G.
Betekhiin's classification gystem,

The book by Yu. M. Dymkov, The Uranium Minerzlization
of the Rudny Mountsins, 1960, 100 pages givé:c a briefr
description oI the gevietic peculiarities of hydrothermal
uranium deposits in the cldest mining area of Central
EBurcpe. It cescribes vein formaticns and parageneses,
epochs snd stages of mineralization, mineralization phases,
mineraiization cycles, as well as a numrer of suppositions
regarding interactions between solutions and minerals,
the formation of cationic sclifatara compositicns and hidro-
therms, etec, In the authori's opinion, the uranium de-
posits in the Rudny Mountains were formed during the
Variscan metallogenic epoch, but that they likewise bear
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glg .: of wvransformatlcn durinz the Alpine epoch,

The geochemical interpretatiocon of uranium mineraliza-
tion processes is bazed on an analogy with the mcdern
fumarel-solfatara process. It i3 assumed that as the
magna center zocled, it released maygnetic gases in a
sequence whicnh wes to detemmine the regular alteration of
&nions 1. sclution. Metals, alkaline earths, and alkalis
emerged {rom the surrcunding strata in areas of active in-
teraction with acid solutions,

The book by A, A, Saukov, Radisactive Elements of
the Earth, 1961, 151 pages, 18 One of & séries c¢i popular
scianiilic works. It tells of the history of the dis-
cevery of radloactive elements and radiocsactive transfor-
metions in uranium, actinouranivm, ancé thorium families;
othex subjects covered are the structure of the earth'a
erust, the digtributicr of various elements and their
radloactive isotopes thercin, the radium, uranium and
thorium content in various rock formations, solis, and
naturvel waters, atmosvheric radlosctivity and uranium
minerals, the carth~crergy thermal balance arising as a
result of nuclear disintegration ¢f radioactive elements
found in the earth's cmiast, the migration of radioactive
elements and geochemlcal cycles, th2 genetic types of
uranium depcsits, and various metheds of surveying depcosits
ofradicactive elemente, Written in an interesting and
engaging style, this book can be useful to the non specla-
ilst irterented in radiocactive raw materials,

The last several years have seen & considerable ex-
pansicn ol the mcepe of efforts requiring the determina-
tion «f the presence of uranium, thorium, and thelr dis-
integration products in various substances., Of consider-
able intereet in this connection gre radiochemical and.
rgdiometric methcds which make it possible to determire
the presence of uranium and thorium disintegration pro-
ductas by their radioactivity levels alone, The book by
V. L. Shashkin entitled Metrods for the Analysis of
Natural Radlcacstive Elements, i90l, 152 pages, confains a
systematlic treatment ol the results of 126 research prc-
ducts on methods for determining radiocactive elements in
the urenium and therium serles published in varicus for-
elign and domestic publications through 1960. The seven
chapterg in this book are ccncermed wiin the radloactive
- properties of natural radioactive elements, radloactivity
measurement techniques, physical analysis methods, tech-
niques for determining uranium and thorium isotopes, me-
thods cof detecting pretactinium, actinium, &nd radium and
polonium lsctopes, methods of detecting radium and raden
imotopes, and finally, the hasic principles of complex
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radlicchemical analyals,
The brochure by L. N. PBosik, I, V. Koshelev, and

- V. P. Bovin, entitied Radiometric Field Analysis of Ore
3amples, 1960, 78 peges 1s thé I'irst seneral%zafion of
prectical experience accumulated by mining enterpriases

in the rield analysis of radlcactive ores, 1t includes a
apief examination ¢f the physical principles of the method
and the elements of the complex fleld laboratory. Moat
or the attention is devoted to the techniques and organi-
zaticn of field analyses with the aid of RKS-l, RKS-2, and
RKS~3 installations, methods of determinlng correction

facters, as well as error analysis. The appendix includes -

tachnical criterlia to pe used in the planning ¢f control
points with RKS-1 installations.

One of the radiometric technlagues used in detecting
radioactive ores 1s the 8- Y analysis technique. Thisz
method was developed in 1947 and has since yielded a con-
gsiderable amount of datsa, A brochure entitled The Analy-
siy of Radiocactive Ores by the @ -~y -~ Mesthed, by Hh. 3.
Mazhiborckaya, V. L. snashkin, and &, P, chamilin, 1861,

64 peges contains a description of modern radloactive ore
analysis methods according to pg-and Y-radiatlon measure-
ments, Actually the brochure constitutes as handbook on
the analysis of radiocactive ores by quantitative radiomet-
ric methods, :

One of the methcds -of nugclear physics agsuming ever
greater importance in the detection of beryllium 1ls the
photeneutron tecanlque, The Photoneutron Method of Beryl-
l1ium Detection, by Kh., B, Mezhiborsikaya, 101, 51 pages
deals with the analytie method based on the use of the
photoneutron reaction in the beryllium nucleus. It is con-
cermed with the general problems ianvelved in the use of
nuclear physice methcds in beryllium detection, and like-
wlge includes a description of a laboratory varlant of the
photoneutronr metheod, Taking into account the special
role played by safety techniques in the practical applica-
tion of nuclear physics methods, the author has included a
specigel set of instructions on safety precautions to be
used in working with neutran radiation.

The appended bibliography inrcludes all the latest
writings on the above subject putlished through 1960,

NUCLEAR METALLURCY. Ever greater attention today 1is
being concentrated on the study of urenium and therium as
metale. for the purpose of developing new alloys to be usad
as nuclesr fuel, Of definite interest in this connection
is the collection of papers by scientists of the Metallurgy
Institute imini A, A, Baykov, edited by O, S, ivanov,
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entitled The Stracturs ol Alloys of Certaln Jystems Con-
taining Uranium and Thorium, 1901, 492 pages, The col-
Tection contalns the results of extensive studies of the
structure, phase trangformaticns, and propertles of a
nurtber of double, triple, and quadruple alloys based on
uranium and thorium, as well as high-melting compounds of
these metals, particularly beryliide and carblde oxides.
Partlcularly full treatment is glven to the binding of
uranium by zirconium, nilobium, molybdenum, and chromium,
311 of which dlssolve easily in - uranium and have a
relatively small thermal neutron capture cross-section.

Important problems in the metallurgy of uranium and
a number of Iimportant structural metals are examined in
the monograpii by G. Ya. Sergeyev, V, V, Titova, and K, A,
Borisov., The Metallurgy of Uranium and Certaln Reactor
Materials, 10h0, 2208 pages. Along with data on the
structure, physical, and mechanlcal properties of uranium
and 1ts alloys, a congilderable amount of attenticn is de-
voted to the effects of lrradiatlon and thermal cycles an
the gdimensional and structural stabllity of fuels and
heat-producing element shells, as well as the thermal and
thermcmechanical treatment of uranium, A separaie gec-
tion deals with the teclinique of constructlag heat-produ-
cing elcments wlth solid metal cores.

A wlde range of problems ls treated in thv second
issue of the ccllected papers from the Metallurgy and
Metal Studies Depariment of the Moscow Englineering Physics
Institute, entitled The Metallurgy and Metallic Properties
of Pure Metals, edlted by V, S, Yemel'yanov ana A, 1,
Yevsiyukhin, 196C, 336 pages. The collection incluces
27 vaners which are concerned with such subjects as the re-
finement of chromium, niobium, and thorium, as well as the
physical and corrosive propertlies ané¢ diffusion character-
istics of zirconium and its alloys. Desriptions are
given of apparatus and methods for neasuring internal fric-
tion in zirconium, nioblum, uranium and their alloys.

Also included are the results of studies on the diffusion
of sulphur, phosphercus, carbon, ana binder components in
stainless steels,

Beryllium, Its Chemical Technology and Metallur
¢. F.”8ITina, Yu. 1. Zarembc, and L. % Bertina, 196 130
pages, constitutes a critlcal generallization of publish°d

materials and contalns a description of nuclear, mechanical,

corrosive, and chemical prcperties of berylllum, Also des-
cribed are industrisal methods of obtaining pure beryllium
and its compounds.

It would likewise be apropus at this point to mention
the book by M, Sittig, Sodium, Its Production, Froperties,
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and Uses, {rom the English, 1961, which deals with one of

the more promising heat transfer agents ueed in nuclear

reactors.

& special place among publicaticns in this catagory
belongs o the book by G. N, Balasanov, The Foundations of
the Automation ¢f Technoiogical Processes 1n the Hydro-

metal IUrEyY Oof Rare &and nadioactive Metals, 1960, 255 pages.
In reIaEEver compact form the auchor dizcusses basic in-

formation on presently available automatic equipment,
characteristics of regulated objects, and methods of cal-
culating and designing automatic control and regulation
systems.
. From among the foreign publications, we should give
special mention to The Technolo of Uranium Production
é 1

by C. Harrington and A. Ruhele /sees alao the sectlon on tre
chamistry of nuclear naterials ow/, frcm the English,
1961, 530 pages., This nonograph covers a wide range of
problems in the study of uranium metallurgy, properties,
and procegsing technclogy. Separate chapterrs deal with
the production of metallic uranium both by reduction with
subsequant remelting and by the direct reduction of tetra-
flaoride, Detalled conaideration is given to forging pro-
cesses in the alpha phase by means of primary presses and
rolliing and mechanical treatment mills. Recommendatlions
for safety measures are also included,

Certain to be of laterest to scientific workers and
engineers employed by scientific research institutes and
industrial enterprises is the first collection of surveys
1ssued by the Battle Institute entitled Nuclesar Fuel
Materlals, from the English, 1961, 273 pages. Also in this
category is the collectlon entitled The Extraction and

Purification of Rare Metals, from the English, 1500, 512
pagca The 22 papers 1n this ccllection, first presented

at a'symposium &t the London Mining and Metallurgy Insti-
tute, contain the results of laboratory and semi-industrial
studies on the technology of uranium, thorium, beryllium,
titanium, zirconium, hafnium, nicbiunm, vanadium, seleniun,
and other rare metals, The colleation contains a wide
range of experimental data a3 well as a number cf theoreti-
cal generalizations arc critical remarks made in the course
of discusgsions.

THE CHEMISTRY Of NUCLEAR MATERIALS. Books in this
category are conveniently grouped according to the following
subheadings: "General Chemistry", "Analytical Chemistry",
"Chemical Technology".

One of tne interesting publications in the first sub-
category, is The Chemistry of the Actinide Elements, by
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G. Seaborg and D, Hatz, 1960, 542 pages, supplemented by
materials publisied in wid-1959. This monograph contains
sufficlently complete data cn actinlide chemistry and can
serve both as a text and a reference,

The Chemlst of EZxtraction Processes, by V. V., Fomin,
1060, 106 pages contains a generalizaticn and analysis of
modern theoretical concepts on tne extraction mechianism,
one of the most important processes in modern chemical
technology. Along with other problems, the author exa-
mines the dependence of diatribution coefficients on the
concentration of the extragenic composition.of the water
phase and the electrolytic dissociation in the organic
phage,

Two books deal with problems in analytical chemistry.
These are Uraniuwn and the Methods its Determination, by
S. V. Yelineon, ¥. K. Markov, KA., V. Vinogradov, A, Ye.
Klygin, and I, V, Mcisayev, 1960, 264 pages, and Zirconium:

Chemical and Physical Methods for its Analysis, by S, V.
YelInson and K, 1. Petrov, 1900, 212 pages.

The first c¢f these contains a systematic treatmenc of
information accumulated over the last few years in the
field of the analytic chemliastry of uranium, After descri-
bing the physical and chemical properties of uranium and
several of its compounds, the authors glve detailcd con-
sideration to methods for the qualitative detectlon and
isolation of uranium, as well as weight, volume, phctc-
metric, electrometric, luminescent, and radiometric
methods of uranlum detectlion,

The book by S. V., Yelinson and K, I, Petrov is con-"
cerned with the chemical and physico~chemical properties
of zirconium and its compounds; 1t includes the basic
analytic reactiona and describves the more reliable photo-
metric, radiometric, spectral, roantgenospectral, chemical,
and physical methods of detecting zirconium and various
admixtures,

A somewhat greater number of publications falls into
the category of "Chemical Teechnology". In 1t, the reader
will find books dealing both with The general technology
of nucl=zar materials and the technology of individpal
elements and compounds.

The bock by Ya, I. Zil! barmad, ; tiong of the

1961, 332 pages, contains a systematic survey of infcrma-
tion on the chemical technology of radloactive elements,
mainly on the reprocecosing of irradiatsd nuclear fuel.

The book likewise touches on problems involved in the che-
mical and blochemical effects of lonizing radiation. The
simplicity and compactness of thls work make it an ideal
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text for undergradiate rnd graduate students in the appro-
priete iields.

Alsc of the texthook variety 1s the work by M, Bene=-
diect aad T. Pitford entitled The Chemicel Teshnolo of
Nuclear Materials, 1957, 528 TPagos, [roin the Engiish. It
Tncitdes & comprenensl. e traatment of methods for obtaining
malterlials used in nuclesr teehnology as well as methods
for reviccessing rrraldiated materials, Certain problems
in ruciear physics arld apparctus employed are discussed as
sunpleasentary matavial. Considerahle attencion is devoted
to the nrocesses o1 1soiope extraction and saparaticon which
are gssumding induztrial importance along with the develiop-
qent of puclear power production.

Among the puolilcations deveoted to the proodolems of
chemlcal technology, we should nofe Uranlum Technclogy by
V. I, Snevchenko ang B, N, Sudarikov, i9td, 5350 pages,
bapc¢ on & series of lectures prssentad by the authors at
the ¥Moscow Chemical Teshnology Instituve ¢of the QOrder g
lenin iminl D, I, Mendeleyev. fter a brief introductlon
ané description of the chemical and phvslico-chemicel pre-
partiea of uranium and 1ts compounds, the authors proceed
te consider uranium ores and minerals, their mechanical
and hizh--teimerature processing auid leaching. They then
examine gedimentation, sorpiicn, and sxtracclon methods of
treating uranium ore suspenaions, &8 well as problems
havinz “o do wita vraniin refining, oxide produectlion, ura-
nlum taira- ard herafluoside, and finaliy the praparstion
of wetaille uraniun,

The book by N, F, Gsalkin snd B. V. Tikhomirov encitled
Tne Baslc Processes and Apparetus of Urenium Technnology,
TGCT, 230 pages, zZererilizes materials 4in this Tield pub=~
ilished in recent years., The survey iacludes paperg on the
machanical processes 1involved in the treatment of sclid
materiale and mixing in liquid medie, as well as classifi-
catlon and dehydration processes. Alsc prasented are the
general mass-transfer laws which 3implify the study of
Alfiusfou processes, including eoliuvion, lon exchange,
extraction, 2rystaliizavion and drying,

Prohlems in chemical teohnology are llkevwlise consider-
ed In the first part of the book Wy C, Harringten and R,

unele, The 'fechnnlopgy of Uranium Productioca, 1951, 586
DagER, The range 06 problems c-nfidered 18 limited to the
chemisiry of the prucess involved in opre concentrate axe-
posure, extraction processes, uranyl 'itrate decompostoicn,
and tetrafluoride nrcdaction. AYso Included are purtli-
cation processes pesed on ether ana tribvutylphospnate
extracticn. The second par: of the book ia conceimed with
techinological scnemes for uranium compound production,
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The Chemlstry aud Te:hnclogy of Uranium-Fluorine
Com _Egﬁw, by N, F. delkin, A. A, Maycrov, U, D, Veryatin,
B. 5. Sudarikov, N. S. Mikeclayev, Yu. D, Shiankov, and
A. B, Krmatikov, 1961, 349 pages constitutes a detailed
survcey of research parners published pricr te June 1960 on
the phyeslcc-chemical pronerties and methods of producing
the wein rflucrine compeuands of uranium, Consideration 1is
given vo the flucrlde-disvililation reprocessing of irrad-
ieted puztear fuel, as well as the chemlstry and technolo-
gy of filuorine, hydrogen fluoride, and halogenfluorides.

A brlef description of the properties of uranium and
tts lons, informetlion about uranium orea, safety techni-~
vues In the purificaticon of uranlum concentrates and,
what is more important, a description of the thecoretical
and techneologlical prucesses of uranium concentrate repro-
cessing 4p to the level of pure sslts and metallic uranium,
compliled on the tasis of publlished datas, will be found by
the reader in The Tecknology of Uranium Concentratz Repro-
ceasing, oy N. P, faikin, f. A VMagorov, and U. T, Zéryacin,
1550, §62 pages,

Cf tne Looks Jdealinz with the chemical terhnology of
individual elements, we should mention the survey work by
G. ¥e, Kaplen, G. A, Uspangkaya, Yu. M., Zarembo, and I. V.
Chiritcov, entitled Thorium, its Rew Material Resourc4s,
Chemistry and Technolegy, 1960, €28 pages, which cinftains
& description of tae physico-chemical, corrosive, and
radioactive properties of thorium; conslderation is also
given to the analytlical chemistry and technology in the
production c¢f therium conmpounds. The survey likewise
covers a number of problems ianvolved in the metallurgy and
procegsing of compact and powdered metallic thorium,

Lithium, its Cnemistxry and Technology, by Yu. I.
¢strousnko, FP. 1. Buchaiknin, V. V. Aleksayev, and a large
group of co-authors, 1960, 200 pages also belongs in this
category. Together with an examination of the most im-
poertant minerals, geochemical and physico-chemical preoper-
ties of lithiwa and its compounds, the technology c¢if lith-
jum ¢re reprocessing and the analyticel chemistry or
lithium, a consideralile portion ¢f the book is devoted to
the problems of lithium ore enrichment and metallurgy, in-
terecat in which has grown inconnection with the possibvllity
of using this element in reactors as a heat transfer agent.
The survey l1s compiled on the hasis of data published in
domestic and foreign scurces over the pericd 181821956,

At this point, we might also mention Ion-Exchange
Membranes and Their Applicatious, by B, I. Laskorin, and
B, . Smirova, 1961, 103 pages, devoted to one c¢f the
more important modern areas of chemical technology--the

154

Y




use of electrodiiysis with icnite membranes in radlochemi-
cal production, uranium metallurgy, ané water desalinatlion,
A speciel place among books in thie category belongs
to The Theory of Isctopre Separation in Columns by A, M.
Rozen, 1901, 284 pages, & generallizatlion ol the author's
papers published since 1945, In the first part of the
book, the author examines allof the most important counter-
current separation processes from the standpoint of basic
mass-transfer laws, and establishes a connection bstween
engineering and physicel concepts as to the motive force
behind the process, The second part of the book deals
with zeneral methods for calculating columns and cascades,
T™ig iz followed by a derivatlon of the general theory of
separation; optimal perameters are chcsen on the basis
of the theory of simiiarity cf non-stationary processes,
This bock bears a close relationship to a monograprh by
" M. P, Malkov, A, . Zelidovich, A, B, Fradkov, and I, V,
Denilov entitled The Production of Deuterium from Hydrogen
by the Deep Cooling Method, 1951, 151 pages. This oo
eontains the physico-technicsl foundations of the method,
the presults of stucdies on diluted mixture rectification,
ané sanemes . for industrial installations., Also consider-
ed are methods for hydrogen purification and gas mixture
analysis,

(To be continued in the next issue),

10,106 -E N D~

155




